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I. Introduction 
Construction of the proposed Dickey-Lincoln School Lakes Project 
in Aroostook County, Maine will result in the isolation of an area of 
land due to the impoundment behind Dickey Dam. This land area is 
located between the United States - Canadian border, the Little Black 
River, the impoundment (elevation = 913 feet), the Big Black River, 
and the Shields Branch of the Big Black River, and comprises 183,768 
acres of land. A previous report (ERT, 1977) determined the forest 
types within two miles of the impoundment but did not extend to the 
Canadian border. This report addresses the forest types and acreages 
of each type within the entire limited access area. 
II. Methodology 
The forest typing is based upon stereoscopic interpretation of 
color-infrared photography at a scale of 1:20,000 which was flown in 
September, 1975. Intensive ground truthing was conducted during prior 
investigations and was used as the basis for typing the additional 
area. All typing was based upon a classification system which was 
derived from three separate systems in order to describe forest lands, 
nonforest lands and wetlands (Table 3). Upon completion of the forest 
typing, a field check was conducted over the entire limited access area 
to verify the accuracy of the typing. Acreage of each type was then 
determined using the dot-grid technique. 
III. Results 
A summary of the major forest and nonforest types is presented in 
Table 1. This indicates the predominance (58.9%) of softwoods within 
the limited access area and indicates a slight increase in softwood 
acreage in comparison to the entire study area of 390,118 acres (54.3%) 
Nonforest lands decrease in frequency within the limited access area 
(0.8%) in comparison to the entire study area (3.8%) 
A detailed breakdown of each forest, nonforest, and wetland type 
is provided in Table 2). 
i/, 
Table 1. 
SUMMARY OF FOREST AND LAND TYPES FOR THE 
DICKEY-LINCOLN SCHOOL LAKES PROJECT 
Limited Access A r e a
1
, 1975 
Acres 
Softwoods: 
Spruce-fir 111,577 
Northern White Cedar 613 
White Pine 1_3 
Total Softwoods Acres 112,203 
Hardwoods: 
Northern Hardwoods 20,643 
Aspen-birch 2,338 
Total Hardwoods Acres 22,981 
Mixed Forest: 
Spruce-fir/N. Hardwood 25,890 
Spruce-fir/Aspen-birch 2,783 
N. Hardwoods/Sprucc-fir 16,602 
Aspen-birch/Spruce-fir 1,785 
Total Mixed Acres 47,060 
Nonforest: 
Wetlands 924 
Shrub (alders) 590 
Sand and Cravel 10 
Total Nonforest Acres 1,524 
TOTAL 183,768 
^Limited Access Area refers to 183,768 acres of land between the U.S. 
Canadian boundary and the proposed reservoir as it inundates (913' 
elevation) along the Big Black River or Shield Branch and along the 
Little Black River Acreage is based upon color-infrared aerial 
photography taken in September- 1975. 
Table 2. 
DETAILED FOREST AND LAND COVER TYPES FOR THE 
DICKEY-LINCOLN SCHOOL LAKES PROJECT 
Limited Access A r e a
1
, 1975 
Softwoods: Northern Hardwoods: 
Type Acres Type Acres 
SK2A 18,408 HK2A 286 
SK2B 9,633 HK2B 111 
SK3A 61,043 HK3A 18,854 
SK3B 9,628 HK3B 1,124 
SK2AS 160 HK3BP 48 
SK2BS 342 HK1A 10 
SW3AS 43 Hl\'lB 35 
SK3BS 372 HK3C 175 
SK3AN 
SIV 2 AN 
428 
89 
TOTAL 20,643 
s;;i\ 2,226 
SKI B 2,380 
SKI C 922 
SK2C 2,117 
SK3C 
SKI BS 
3,112 
36 
Wetlands: 
SK1CS 15 Type Acres 
SK3CS 208 
SK2CS 415 1 109 
CS2A 380 3 30 
CS3A 170 4 15 
CS2B 63 6 79 
PN3A 13 8 438 
TOTAL 112,203 
4220 253 
TOTAL 924 
TOTAL ALL TYPES: 183,768 
1
See Table 1. 
Aspen- Birch: Mixed Forest: Mixed Forest (Cont'd) 
Type Acres Type Acres Type Acres 
P02A 3 SH2A 2,624 HS2C 215 
P03A 195 SH2B 3,029 HS3C 431 
PBS A 1,203 SH3A 14,569 HS1A 66 
PB1B 15 SH3B 3,201 HS1B 91 
PB3B 365 SH2AP 198 HS1C 23 
BP3C 30 SH3AB 167 HS1BP 23 
BP1A 13 SH3AN 144 HS1AP 41 
BP3A 
BP3AN 
284 
73 
SH3AP 
SH2BP 
1,793 
13 
TOTAL 47,060 
BP2A 30 SH3BP 352 
PB3AN 127 SH3BB 73 
TOTAL 2,338 
SH2AB 
SH1A 
SH1B 
111 
61 
157 
Barren Land: SH1C 
SH2C 
53 
1,183 
Type Acres SH3C 
SH3CS 
859 
10 
5230 10 SH1AB 8 
TOTAL 10 
SH1AP 
HS2A 
HS2B 
68 
699 
582 
Shrubs 
HS3A 
HS3B 
12,611 
1,821 
Type Acres HS3BP 
HS3AP 
25 
1,167 
1310 248 HS3AN 63 
1350 342 HS3AB 101 
TOTAL 590 
HS2AP 
HS3BB 
HS2BB 
HS3CB 
18 
241 
106 
63 
Table 3. 
FOREST AND LAND COVER CODE
1 
Forest Land Classifications 
The vegetation map delineates forest associates according to 
species composition, height, and density For example, the type 
symbol SW3A refers to spruce-fir forest (SW) which is greater than 
50 feet in height (3) with a crown closure of 75-100% (A). Suffix 
letters are used to indicate additional association characteristics. 
Forest type symbols: 
SW - Conifers, predominately spruce-fir^ 75-100% of type. 
HW - Northern hardwoods, sugar maple-beech-yellow birch, 
75-100%. 
SH Conifer and hardwood mixture with 50-75% conifers. 
HS - Hardwood and conifer mixture with 50-75% hardwoods. 
PN - White pine covering 75-100%. 
PO - Aspen, including trembling aspen, bigtooth aspen and 
balsam poplar, 75-100%. 
WB - White birch, 75-100% of stand. 
PB - Aspen-birch mixture with aspen predominating. 
BP - Birch-aspen mixture with white birch predominating. 
CS - Northern white cedar swamp, 75% or more of type. 
FS - Abandoned field seeding into softwoods. 
FH - Abandoned field seeding into hardwoods. 
Height and density of crown closure: 
Height Density (percent crown closure) 
1. Up to 30 feet 
2. 31-50 feet 
3. 50 feet and up 
A. 75-100 
B. 30-75 
C. 0-30 
Table 3. (Cont'd) 
Type Suffix: 
S - The suffix "S" indicates wet sites. 
P, B, N - Suffixes referring to associate component 
mixed forest type: aspen, birch, pine, 
respectively. 
Other Land Classifications 
Wetlands 
1 Seasonally flooded basins or flats 
2 - Meadow 
3 Shallow marsh 
4 Deep marsh 
6 - Shrub swamp 
7 Wooded swamp 
8 Bog 
4110 - River 
4220 Pond 
Shrub types 
1310 - Alder - dogwood - willow 
1350 - Clearcut, non-stocked with forest regeneration. 
Active or Abandoned Agriculture 
2100 - Active agricultural land 
2110 - Tilled land 
2120 - Field 
2200 - Abandoned field reverting to conifers 
2210 - Abandoned field reverting to hardwoods 
2250 - Abandoned field reverting to mixed growth 
Barren Land 
5210 Cleared land 
5230 - Sand or gravel pits 
Table 3. (Cont'd) 
Urban 
6110 Low density buildings 
6200 - Pavements and transportation facilities 
S o u r c e s : Land Cover Coding Manual, Maine State Planning Office, 
1975. Forest Land Classification System for the State of Maine, 
Maine Dept. of Inland Fisheries and Wildlife (undated) Manual 
for Maine Wetlands Inventory. Maine Dept. of Inland Fisheries and 
Game, December, 1972. 
1 
Dickey-Lincoln School Lakes 
Acreage of Vegetation Types 
on Islands in the Dickey Reservoir 
Vegetation Type 
SW1B 
SW2A 
SW3A 
SW3B 
SW3BS 
SH1B 
SH2A 
SH3A 
SH3AN 
SH3AP 
HS1BP 
I IS 2A 
HS2AP 
HS3A 
HS3AN 
HS3AP 
HW1B 
HW2A 
HW2AB 
HW2BB 
HW3A 
1IW3AB 
PB2B 
P03A 
8 
Area (acres) 
17.58 
445.43 
4,672.45 
44.08 
21.10 
82.21 
135.08 
1,598.54 
12.06 
35.28 
52.87 
9.04 
3.01 
2,661.32 
75.36 
12.06 
38.14 
14.73 
167.39 
23.52 
3,194.63 
27.13 
11.76 
12.06 
33.16 
TOTAL 13,399.99 
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1. INTRODUCTION 
Wetland types within the St. John watershed serve a wide range of 
functions depending upon their location, topography- soils, geology, 
hydrology and vegetative types. A primary function is providing habitat 
for species of wildlife. An inventory and evaluation of existing wetland 
environments in the Dickey-Lincoln project area emphasizes the values of 
the riverine systems and their floodplains. Approximately 7,702 acres 
of wetlands and deep-water habitats would be inundated by the proposed 
lakes (USCE, 1977) Evaluation of these wetland losses, surrounding 
wetland habitats, and the shoreline environments of the proposed lakes 
is the basis for considering future wetland management alternatives. 
2. EXISTING WETLAND AND DEEP-WATER HABITATS 
Wetland types and deep-water habitats such as ponds and major rivers 
in the Dickey-Lincoln area were mapped during the terrestrial ecosystem 
analysis (USCE, 1977). Delineation of these types was based upon stereo-
scopic interpretation of color-infrared photography (scale 1:20,000) with 
ground verification. This Methodology provided excellent resolution of 
water bodies and wetland vegetation types covering greater than 2.5 acres 
(1 hectare). Key permanent wetland complexes were recognized during 
mapping. Although beaver impoundments are often too small to be effec-
tively mapped, they contribute to the existing wetland habitats in heavily 
forested areas. 
The importance of wetland types is often expressed in terms of their 
wildlife habitat value. In the Northeast, vegetation is considered the 
most important component when evaluating the importance of wetlands as 
wildlife habitat (Golet and Larson, 1972). Life form (i.e., physical 
structure or growth habit) is recognized as being more suitable than 
species composition in defining the vegetation component of wildlife 
habitat (Golet and Larson, 1972) Water depth and seasonal flooding 
are factors that influence vegetation development. Seasonal flooding is 
particularly significant within the St. John watershed due to the ex-
tensive riverine systems and meteorological conditions. Many other 
factors influence the overall value of a wetland type, therefore, each 
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wetland type, their distribution, and their combined wildlife values 
are discussed separately in this text. Based upon these overall values, 
key wetland areas within the Dickey-Lincoln project area are presented. 
2.1 Descriptions of Wetland Types 
The classification of wetlands implies certain general character-
istics for each type. Wetland delineations on the vegetation cover map 
(USCE, 1977) follow a classification system (McCall, 1972) which 
was adapted from "Wetlands of the United States" (Martin et al., 1953). 
Principal components of the system are the dominant form of vegetation, 
water depth during the growing season, and degree of seasonal flooding. 
The following descriptions recognize that certain characteristics of these 
components can be applied more specifically to types typical of the St. 
John watershed. In all cases, however, each wetland will have some 
individual characteristics. 
Type 1 Seasonally Flooded Flats 
Flats occur along river courses where flooding ordinarily occurs 
in spring or late fall. The soil is covered with water or is 
waterlogged during seasonal periods, but is usually well drained during 
the growing season. Typical vegetation is grasses, short meadow emerg-
ents, and bushy or tall slender shrubs. 
In the St. John River basin, there is considerable seasonal vari-
ation in runoff. Seasonal flooding is greatest during the months of 
April, May, and June. When the water subsides, grasses flourish on 
many islands and flats adjacent to the rivers. Except for their flood-
plain location, the seasonally flooded flats appear very similar to the 
meadow type. Areas subject to only temporary flooding rarely develop 
any wetland vegetation. Shrub complexes dominated by speckled alder 
(Alnus rugosa), willow (Salix spp.), and red-osier dogwood (Cornus 
stolonifera) often develop on uplands adjacent to seasonally flooded 
flats. 
Type 2 Meadow < 
Meadows occur in shallow basins with soil waterlogged to within a 
few inches of the surface but without standing water most of the growing 
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season. They may also be found on the landward side of shallow marshes 
(type 3) In some cases former beaver ponds pass through a typical 
meadow stage of succession. 
In the St. John River watershed, large shallow basins within the 
river floodplains best represent this type. They commonly have charac-
teristics transitional between seasonally flooded flats and shallow 
marshes. Broad shallow basins adjacent to rivers such as the Little 
Black have standing surface vater during spring runoff, however- they 
drain early in the growing season. A heavy cover of emergents such as 
sedges (Cyperaceae), rushes (Juncaceae), and grasses (Gramineae) occur 
in these meadows. Tussocks of emergents are common in wetter areas. 
Type 3 Shallow Marsh 
Shallow marshes occur in shallow basins or border deep marshes. 
Soils are usually waterlogged and often covered with 6 inches or more 
of water during the growing season. The type may be dominated by robust 
or marsh emergents. Permanent waters may support submergents and float-
ing-leaved plants. Plant cover is generally more than 50 percent and 
may cover as much as 90% of the marsh area. 
Shallow marshes dominated by narrow-leaved emergents such as bur 
reeds (Sparganium spp.), bulrushes (Scirpus spp.). and sedges are the 
typical subtype in the project area. Scattered shrubs are common 
associates. Secondary beaver impoundments that may be above or below 
the main dam often create the water regime found in shallow marshes, 
but the vegetation cover is not well developed. Shallow marshes located 
in the river floodplains in the project area have high spring water 
levels similar to deep marshes, but they soon return to shallow marsh 
conditions during the growing season. 
Type 4 Deep Marsh 
Deep marshes occupy shallow lake basins and ponds, or border large 
open water bodies. Average depth is between 6 inches and 3 feet during 
the growing season. Emergent marsh vegetation or aquatic shrubs dominate 
shallow water areas. Surface and submergent plants may occur in open 
water areas. 
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Tn the Dickey-Lincoln project area deep marshes occur in old oxbow 
ch annels or riverside basins. Aquatic shrubs such as speckled .alder and 
red-osier dogwood will commonly border the type. Beaver impoundments 
with standing dead trees and shrubs are a deep marsh subtype. Emergent 
cover is usually limited in the dead woody marshes. Beaver ponds were 
not recognized as a distinct class because most were less than 2.5 acres 
and relatively impermanent. 
Type 6 Shrub Swamp 
This type applies to wetlands dominated by shrubs where the soil 
is seasonally or permanently covered with a foot or more of water In 
the Dickey-Lincoln project area, they occur commonly in floodplain basins 
and along sluggish or diffuse streams. Three subtypes are found in the 
project area: 1) tall, slender shrubs dominated by mature speckled alder, 
2) bushy shrub swamps including red-osier dogwood, willows and young 
alders, and 3) compact shrub swamps dominated by sweet gale (Myrica gale). 
leatherleaf (Chamaedaphne calyculata) and meadowsweet (Spiraea spp.). 
Type 7 Wooded Swamp 
Wooded swamps occur on flat uplands, shallow lake basins and along 
sluggish streams. Soils are normally waterlogged but may be seasonally 
flooded with a foot or more of water. 
Coniferous swamps composed of northern white cedar (Thuja occidentalis) 
are representative of this type in the project area. Tamarack (Larix 
laricina) and black spruce (Picea mariana) are associate species. Sphagnum 
moss (Sphagnum spp.) is a dominant ground cover in the coniferous swamps. 
Type 8 Bogs 
Bogs occur most often in upland basins with blocked or closed 
drainage. They are normally saturated but not usually covered with 
water. The substrate contains an accumulation of partly decomposed or 
disintergrated remains of plants. A spongy mat of sphagnum mosses 
usually covers the bog. Woody plants including ericaceous shrubs and 
coniferous trees may also occur. Open water areas within bogs are invaded 
by a floating mat as well as being filled by organic matter. 
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Most bogs in the project area are covered by the characteristic 
mat of sphagnum moss with surrounding zones of shrubs and coniferous 
trees. Common shrubs include bog rosemary (Andromeda glaucophylla), 
labrador tea (Ledum groenlandicum), and sheep laurel (Kalmia angustifolia) 
Stunted black spruce are often scattered in these bogs. Mature black 
spruce commonly surrounds the basins. 
Type 4110 River 
The major river systems in the project area (St. John, Big Black 
and Little Black Rivers) are included in this category. The riverine 
classification includes all wetlands and deep-water habitats within the 
river channel except islands. Wetlands not within the channel but in-
fluenced by the flooding river are classified separately. Wetland and 
deep-water habitats of the river channels are strongly influenced by 
water depth and seasonal flow. Interspersion of herbaceous vegetation, 
shrubs, and trees along the rivers creates a diverse riparian ecotone. 
Type 4220 Pond 
This category includes ponds and small lakes with permanent open 
water. Ponds in the project area are generally 3-12' deep (USCE, 1977) 
Marsh vegetation, shrubs, and conifers border the open water. In 
shallow-water areas (less than 6 feet) aquatic vegetation develops. 
2.2 Distribution of Wetland Habitats Within the Study Areas 
The distribution of wetland types was presented graphically by the 
vegetation mapping of the Dickey-Lincoln project area (USCE, 1977). 
Wetland acreages were summarized for Dickey and Lincoln School Reservoir 
areas, and a 2-mile study area surrounding the lakes. In addition, 
vegetation maps and acreages are available for the "limited access" area 
(see Figure 2.1). The combined mapping effort provided land cover and 
wetland types for over a half a million acres in the project region. 
Wetland acreages for the separate study areas (Table 2.1) indicate 
the general wetland distribution within the St. John watershed. Acreages 
within the proposed impoundments reflect the dominance of the riverine 
systems in the lower valley. River systems represent 6.6% of the land 
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LINCOLN SCHOOL DAM 
(A) DICKEY-LINCOLN IMPOUNDMENT AREAS 
(B) TWO-MILE STUDY AREA 
(INCLUDES IMPOUNDMENTS) 
(C) LIMITED ACCESS AREA 
STUDY AREAS OF THE DICKEY - LI NCOLN 
SCHOOL LAKES PROJECT AREA 
TABLE 2.1 
SUMMARY OF WETLAND TYPES 
Wetlands Types
1
: 
Dickey
2 
Reservoir 
Lincoln School
2 
Reservoir Study Area
3 
Limited Access 
Area
14 
acres acres acres acres 
Type 1 - Seasonally flooded flat 427 158 610 109 
2 - Meadow 146 238 
3 - Shallow marsh 216 333 30 
4 - Deep marsh 60 83 15 
6 - Shrub swamp 385 3 485 79 
7 - Wooded swamp 38 
8 - Bog 318 880 438 
4110 - River 4,613 1,081 6,063 
4220 - Pond 295 600 253 
TOTAL 6,460 1,242 9,330 924 
^ y p e s according to McCall, C. A. 1972. Manual for Maine wetlands inventory Maine Dept. of Inland Fisheries 
and Game. 
2
Reservoir areas cover 83,886 acres for Dickey (913 elev.) and 2,619 acres for Lincoln School (620 elev.) 
3
Study area total 390,118 acres which includes the reservoir areas and two areas surrounding the project. 
^Refers to 183,768 acres of land between the U. S. - Canadian boundary and the proposed re?earvoir as it inundates 
(913' elevation) along the Big Black River or Shield Branch and along the Little Black River. 
area and 74% of the existing wetland and deep-water habitats within the 
proposed impoundment areas. Excluding rivers and ponds, existing wet-
lands types represent 2% of the lower valley If the reservoir acreages 
are excluded from the original study area, the extent of adjacent upland 
wetlands can be derived. Within this 2-mile border, wetland and deep-
water habitats cover 0.5% of the land area. Upland wetlands also cover 
0.5% of the limited access area between the Dickey Reservoir and the 
Canadian border. 
Physiographic and hydrologic position greatly influence the dis-
tribution of specific wetland types in the St. John watershed. In the 
lower valley (i.e., reservoir areas), seasonally flooded flats are the 
dominant type (27%), however, other wetland types are well represented. 
In contrast, bogs are the dominant type in the 2-mile upland border 
(60%) and limited access area (47%) When evaluating the existing upland 
wetland habitat, it must be recognized that beaver ponds less than 2.5 
acres were not included in the mapping. Considerable beaver activity 
occurs on most streams within the project area. Therefore, beaver ponds 
are assumed to be important additional wetland habitat in upland 
areas based upon the fact that there are 3,450 miles of intermittent 
and flowing streams in the upper St. John River basin above the pro-
posed dam sites (USCE, 1977). 
2.3 Wetland Values 
Although the value of wetlands for wildlife is emphasized, wetlands 
are valuable for their contribution to botanical diversity within the 
St. John watershed. Most notably, the St. John River riparian zone 
exists as an important habitat for rare and unusual plant species 
(USCE, 1977) In the uplands, bogs represent a contrasting stage of 
succession with unique botanical associations. Species such as pitcher-
plant (Sarracenia purpurea), sundew (Drosera rotundifolia). lady's 
slippers (Cypripedium spp.) and bog rosemary are usually restricted to 
bogs. In general, all wetlands contribute to the vegetative diversity 
in the heavily forested project area. 
The relative importance of wetlands for wildlife can be derived 
from their wetland classification and location in the St. John watershed. 
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Certain values for each type are implied from the criteria used in 
classifying the wetlands: dominant vegetation form, water depth during 
the growing season, and degree of seasonal flooding. The value of any 
wetland type is greatly influenced by three location factors: physio-
graphic location, hydrologic position, and juxtaposition with other 
wetland and habitat types. In general, vegetative diversity within the 
wetland and surrounding habitat encourages wildlife diversity. A 
variety of plant life-forms (i.e., physical structure and growth habit) 
is critical for bird and waterfowl diversity (MacArthur and MacArthur, 
1961; Golet and Larson, 1972) Wildlife habitat is enhanced by the 
"edge" created by an interspersion of different plant life-forms. 
Population density and wildlife species diversity are closely related 
to the length and number of kinds of edge. 
Water depth is important as it influences vegetation types and 
availability of underwater food. A water depth of 2 meters is con-
sidered the boundary between wetland and deep-water habitats. This 
depth represents the maximum limit for the growth of emergent plants 
(Sculthorpe, 1967; Cowardin et al., 1977). 
Seasonal flooding is a key factor influencing vegetation develop-
ment and food availability in many wetland areas. For migrating water-
fowl, seasonal water levels is a key factor affecting the abundance of 
a particular food item (Mendall, 1949) Spring food sources are avail-
able to migrating waterfowl in seasonally flooded flats that are not 
normally available other times of the year. The seasonal flooding 
promotes herbaceous and shrub communities which are valuable to upland 
species. 
On a watershed basis, wetland values are often related to regional 
physiography. Geologic substrate and often the size and abundance of 
wetlands are determined by physiographic location. Typical of the 
glaciated Northeast, wetlands at lower elevations occur on alluvium 
and glacial outwash. At higher elevations, wetlands often occur on 
shallow glacial till, particularly on the southwest side of the Dickey-
Lincoln area. Outwash and till are found on the central upland north-
west of the Dickey Reservoir area (McKim and Merry, 1975). Wildlife 
value is usually higher in bottomland than in upland wetlands for 
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several reasons. Nutrients for plant growth are usually higher in the 
alluvium deposits. Sediments are annually deposited on seasonally flooded 
areas. Bottomland wetlands are usually maintained by a regional water 
table that allows the inflow and outflow of nutrients through surficial 
deposits. Upland wetlands located on till have a perched water table. 
These till soils commonly have a "hardpan or fragipan" restricting water 
movement 12-18" below the surface (McLintock, 1957). The perched wet-
lands are short-lived, subject to greater water-level fluctuations, and 
often accumulate plant remains under acid conditions. 
A wetland's wildlife value depends upon its hydrologic position 
which may be isolated, streamside, lakeside or deltaic. Wetlands 
adjacent to deep-water habitats have greater value than isolated wet-
lands. Open water areas provide resting and feeding areas for waterfowl 
but their value for other wildlife is limited by the lack of emergents. 
Streamside wetlands usually undergo wide water level fluctuations between 
early spring and late summer. Severe fluctuation can affect nearly all 
breeding wildlife. Despite water level fluctuation, streamside locations 
are valuable to waterfowl because it provides an avenue of travel between 
feeding and nesting areas. Deltaic wetlands have high wildlife value 
derived from both streamside and lakeside locations (Golet and Larson, 
1972). 
Wetland juxtaposition is a feature determining wildlife value. Juxta-
position with other wetlands increases wetland values especially if it 
means a greater interspersion of vegetative life-forms. The same principal 
applies to surrounding habitats. Wildlife often require certain types of 
surrounding habitat for food and cover 
Much of data for evaluating wetlands in the Dickey-Lincoln area is 
documented on existing vegetation, topographic and geologic maps; and 
recent color-infrared aerial photography. Many factors can be used to 
support wetland value assessments, however, information on type charac-
teristics and location provides a basis for evaluating wetlands over the 
large project area. 
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2.4 Key Wetland Areas 
All wetlands contribute to the diversity of vegetation and habitat 
types in the St. John watershed. A variety of wetland types is desirable 
so that rating wetlands is essentially a relative comparison based upon 
their potential for maximum production and diversity of wildlife. The 
following are the significant wetland areas that would be inundated by 
the reservoirs. These areas are labeled in Figure 2.1. 
1) Portion of Little Black River Floodplain 
2) Nine-mile Deadwater of Big Black River 
3) Lower stretch of Shields Branch 
4) Little Falls and Falls Ponds 
2.4.1 Little Black Floodplain 
The Little Black floodplain from the mouth of Johnson Brook upstream 
to the mouth of Oxbow Brook contains diverse wetland habitats inter-
spersed with shrub, spruce-fir, and mixed hardwood-softwood types. 
Along this 5-mile stretch, the river meanders with many old oxbows. 
Shrub swamps an^ meadows are dominant wetland types as indicated on the 
vegetation map (USCE, 1977). The broad wetland areas are interspersed 
with other wetland types including shallow marsh, deep marsh, and seasonally 
flooded flats. Both the meadow and shrub swamp types occur as broad 
flood plain basins. Their water regime is influenced by seasonal flooding 
of the Little Black River and small streams which diffuse through the 
basins. Old oxbows create deep marsh habitats that were too narrow to 
be delineated on the vegetation map. Deep marshes are present at Carrie 
Bogan and are more numerous in the first half-mile downstream from Oxbow 
Brook. 
The Little Black River floodplain exists as an important wetland 
area due to its extent and interspersion of vegetation types and open 
water. A diversity of meadow and marsh emergents and shrubs increases 
the value of the area for upland wildlife species. The shrub swamps 
are composed of low compact shrubs including sweet gale, leatherleaf, 
and meadowsweet. Speckled alder commonly occurs on the river bank and 
seasonally flooded flats. 
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Open water areas are associated with both the meadow and shrub 
swamps. The river is valuable to waterfowl as a travel way between the 
wetland complexes. This broad floodplain area is also part of a large 
winter deer yard area. 
2.4.2 Nine-mile Headwater of the Big Black River 
The Nine-mile Deadwater of the Big Black River is another example 
of large wetland complexes associated with a major riverine system. The 
most significant wetlands occur along five miles of river below the 
mouth of Shields Branch. This wide slow-moving portion of the Big Black 
River provides a deep-water habitat larger than the Little Black River. 
Shallow marshes, shrub swamps, seasonally flooded flats, and bogs occupy 
a significant portion of the floodplain. Shrub types dominated by alder 
and dogwood are well interspersed with wetlands. Deep marsh portions 
are found in the large shallow marsh types. 
The floodplain area is also important because of its size and 
interspersion of wetland types. The bottomland location of these wetlands 
increases their wildlife value. Shallow marshes are a dominant type and 
offer important wildlife habitat. Bogs are the least valuable wetland 
habitats within this complex due to their lack of open water. 
2.4.3 Shields Branch 
Shields Branch meanders for approximately 3 miles upstream 
from its mouth on the Big Black River. Portions of this floodplain 
are a half mile wide with intermixed deep marsh, shrub swamp, and shrub 
types. Deep marsh habitats are principally old oxbows. The area is a 
distinct contrast to the surrounding spruce-fir forests. 
Again, the overall value of the area is related to its size and 
interspersion of types. The Shields Branch complex could be considered 
as a continuation of the Nine-mile Deadwater of the Big Black Piver. 
The proximity of the wetland complexes and the interconnected rivers 
increases their wildlife value. 
2.4.4 Little Falls and Falls Pond 
Little Falls and Falls Pond, excluding the river systems, are the 
largest deep-water habitats (70 and 263 acres) within the proposed 
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reservoirs. These well oxygenated trout ponds have maximum depths of 
6-7' The maximum depth indicates that these ponds are approaching deep 
marsh habitat. A depth of 6' is considered the maximum for emergents. 
Little Falls Pond is surrounded by shrub swamp which provides valuable 
wildlife cover. Falls Pond fexists as the largest open water body with 
adjacent bog habitat. The wetland juxtaposition increases the wildlife 
value of the bog. 
3. FUTURE WETLAND HABITATS WITH THE PROPOSED PROJECT 
3.1 Surrounding Wetland Habitats 
Section 2.2 indicates that wetlands are less common in upland areas 
adjacent to the proposed lakes. Wetland complexes comparable to key 
areas associated with existing river systems (Section 2.4) do not exist 
in the surrounding study areas. Bogs are the dominant upland wetland 
type. Although their percentage of land cover is less, ponds are more 
numerous in the surrounding study area than in the proposed impoundments. 
In addition, acreages in Table 2.1 do not include nearby Charles Pond 
and Depot Lake. The estimated population of 441 beaver within the 
2-mile limit compared with 98 beaver within the impoundment (USCE, 
1977) suggests that beaver ponds could be a common wetland type in 
the future. 
3.2 Shoreline Habitats of the Proposed Lakes 
Wetland habitat values of the proposed lakes are dependent upon 
characteristics of the shoreline and shallow water zones. The newly 
filled lakes will be subject to inevitable shoreline modifications. 
Alteration of the shorelines will be determined by the processes of 
erosion and sediment transport. The lake configuration, shore substrate, 
magnitude of waves, lake currents, depth of water near shore, and 
shoreline slopes will influence lakeside morphology. In addition, 
the exposed shoreline zone of Dickey Reservoir will change due to 
annual and seasonal fluctuations of the hydrologic cycle. Lincoln 
School Reservoir will be subject to daily fluctuations. 
Dickey Lake will cover approximately 134 square miles of water 
surface. It will have 350 miles of extremely irregular shoreline typical 
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of a highly dendritic lake. The St. John River arm has 31 tributaries 
where major coves will form in the lake. The Little Black and Big Black 
Rivers have 17 and 16 tributaries, respectively, that will form major 
coves (USCE, 1977). The dendritic configuration means that wave impacts 
will vary along the shorelines. Prevailing winds will determine shores 
exposed to wave impact. 
A large deep lake with shores composed of glacial drift is expected 
to show shoreline terrace formation (Sculthorpe, 1967; Reid and Wood, 
1976). Wave-cut action would erode glacial till and outwash materials 
surrounding the Dickey-Lincoln reservoirs and create a coarse-textured 
terrace. Till is typically a heterogenous mixture of clay, sand, and 
gravel. In the project area, it varies from compact clayey silt to 
loose silty sand. Large cobbles are found below 24 inches (McKim and 
Merry, 1975) Erosion of till soils would proceed to the coarse 
materials, however, a dense, compact layer occurring generally 12-18 
inches below the surface would often be exposed. This layer, commonly 
referred to as a hardpan or fragipan, is characteristic of glacial 
till soils in the spruce-fir region of Maine (McLintock, 1957). It 
is virtually impermeable to water, but it is expected that an exposed 
hardpan will erode or break down when submerged. Erosion of outwash will 
remove very fine to coarse sands. Coarse material greater than 0.75 inches 
in diameter would be exposed at below 20 inches (McKim and Merry, 1975) 
The erosion of fine shoreline material normally results in the 
development of a second terrace beneath the water. It is expected that 
the hydrologic cycle of the lakes will affect the second terrace 
development. As more shoreline is exposed during drawdown, the coarse-
textured terrace development will continue. The previously established 
second terrace of alluvial material would shift to a lower position. 
Thus lakeside morphology will depend upon the reservoir elevation fluc-
tuations . 
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The full extent of exposed shoreline for Dickey Lake will depend 
upon the yearly hydrologic regime. Maximum yearly pool levels would 
range from the 890-910 elevations (USCE, 1977). Lincoln School 
Reservoir would have an ultimate 30-foot maximum operating range from 
elevat ion 590 to 620 msl. Typical operating conditions would produce 
fluctuations of about 12 feet weekly. Daily fluctuations are expected 
to be six to seven feet with maximum rates of change equaling about 
one feet per hour (USCE, 1977) 
Over an entire summer terrace development for Dickey Lake would 
occur within a 2-foot drawdown zone. In addition, wave heights will 
increase the zone of erosion. It is predicted that winds during June and 
July averaging 11-13 m.p.h. would create waves 1-2 feet in height. 
Waves 2-4 feet could occur during stormy weather such as a thunderstorm 
(USCE, 1977). Sheltered shores or long shallow flats will be less 
subject to erosion processes. Drawdown will expose greater shoreline 
where slopes are gentle. A two-foot drawdown for 1%, 5%, and 20% slopes 
exposes a shoreline width of 200 feet, 40 feet, and 10 feet, respective-
ly (USCE, 1977) 
The proposed project construction includes clearing of vegetation 
from the maximum pool level (910 elevation) to the 913 elevation. 
Although partially stabilized by the existing vegetation, the 910- to 
913-foot elevation zone will be subject to erosion by wave action. 
Water table changes are expected to occur in this zone. Water tables 
would be higher on glacial till where water is normally perched. Shrub 
and grass-sedge communities would probably dominate the moist areas. 
Speckled alder, red-osier dogwood and willow are dominant shrub species 
in moist zones along existing river systems. Alders are also primary 
invaders of denuded areas with saturated soils (Healy and Gill, 1974). 
Since they are adapted to a variety of soil types, speckled alder, red-
osier dogwood, and willow are expected to be significant lakeside species. 
Tree species would be expected to regenerate in areas of the 910-913 
zone not subject to erosion. 
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During years of below maximum pool levels, vegetation development 
could occur on gently sloping or sheltered shorelines. In contrast, 
normal or wet years would lead to flooding and die-off of revegetated 
areas. Studies at Quabbin Reservoir in western Massachusetts showed 
that shoreline exposed by drought became vegetated on moist nutrient 
rich soils (Miner, 1974) The nature of the forest soils in the project 
area may create some vegetation establishment problems on exposed shore-
line. Glacial till soils supporting spruce-fir are shallow with a hard-
pan layer often within 18 inches of the surface. Erosion to the hard-
pan layer would create poor sites for plant development. Species 
expected to invade exposed shores with fine sediments include bulrushes, 
smartweeds (Polygonum spp.), spikerush (Eleocharis spp.), nutgrasses 
(Cyperus spp.), sedge (Carex spp.), sweet gale, steeplebush (Spirea 
tomentosa) and grasses. Some wind-disseminated herbaceous species can 
cover an exposed area in one year (Miner, 1974; McDonald, 1955). 
In evaluating shoreline habitats surrounding the proposed Dickey 
Lake, sheltered coves offer the greatest potential wildlife value. The 
hydrologic regime of Dickey Lake would create an ever-changing con-
tinuum of environments intergrading between terrestrial and aquatic 
systems. However, water levels would be fairly stable during the June-
August period. This should allow vegetation establishment in shallow 
cove areas. Coves with stream inlets could develop deltas. Their forma-
tion would depend upon shore and near shore slopes, wave impacts, lake 
currents, and sediment deposition rates. Sediment deposition from 
major waterways such as the St. John River
;
 Big Black River, Shields 
Branch, Chimenticook and Pocwock Streams should encourage delta forma-
tion. Initially, emergent species would vegetate these sites. As 
sediments built up above the water level, shrub communities would be 
expected to develop. 
4. WETLAND MANAGEMENT ALTERNATIVES 
Wetland management techniques can be applied to mitigate the loss 
of diverse wetland complexes and enhance the lakeside environment. 
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Much of the information on wetland management is directed toward water-
fowl management. Wetlands are an important habitat for other species 
such as deer, moose, mink, otter, beaver, and muskrat. Site selection, 
installation of physical structures, and food plantings are critical 
management factors. Proper wetland management can increase wetland 
values. 
4.1 Site Selection 
Selection of suitable areas for wetland management should con-
sider engineering and biological requirements. Topography
;
 soils, 
water supply, and surrounding vegetation are factors requiring field 
reconnaissance (Spencer, 1968; Atlantic Waterfowl Council, 1963; USDA, 
1975). For shallow -water environments, the topography of the area to be 
flooded should be nearly level and have widely spaced marginal contours 
(Cook and Powers, 1958). Soils with considerable clay content should 
be sought. Nutrient levels and soil pH will be a primary concern when 
managing vegetation. 
In general, the project exists in an area considered to have poor 
soils for small marsh construction (Spencer, 1968). Soils in upland 
areas are generally acid with low fertility. The water regime on 
glacial till soils is affected by the presence of a perched water table. 
Water levels would tend to be less permanent on these sites. Outwash 
areas found along stream channels and on central uplands northwest of 
Dickey Lake would provide more stable water regimes. 
Key areas for wetland management can be presented on the basis 
that there would be a need for diverse wetland complexes in the study 
area. Specific site studies would be needed to determine the actual 
development scheme. 
4.1.1 White Pond and Associated Brooks 
White Pond (T13 R15) and an associated bog complex exist on wet outwash. 
Two streams, White Brook and an unnamed stream, flow in outwash channels 
to the proposed Dickey Lake (Figure 2.1) The drainage system provides 
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potential for developing diverse interconnected wetlands habitats 
between Dickey Lake and White Pond. The two stream drainages would 
provide approximately four miles of management area. 
4.1.2 Ed Jones Pond 
Ed Jones Pond (T12 R15) exists beyond Seven Islands. Billy Jack 
Brook and an unnamed stream flow from the pond and adjacent upland to 
the proposed lake (Figure 2.1). The pond occurs on an alluvial terrace. 
Approximately 0.75 miles of stream length could be enhanced. 
4.1.3 Blue Pond 
Blue Pond (T13 R13) and Blue Brook occur on a narrow alluvial ter-
race that would connect with Dickey Lake (Figure 2.1). The stream 
length between Blue Pond and the lake would be less than a mile. It 
offers potential for wetland development along Blue Brook. 
In general, small streams in surrounding uplands offer potential 
wetland enhancement areas. Wetland habitats are particularly valuable 
in the heavily forested uplands. Man-made marshes 5-10 acres in size 
provide valuable habitat. Many small marshes are effective in supply-
ing the need for nesting sites. Beavers flowages provide important 
nesting sites for waterfowl in Maine (Spencer, 1968) Beaver management 
could provide an effective means of wetland enhancement in the surround-
ing area. Delta sites provide additional areas for wetland management. 
The use of physical structures to control sediment deposition or water 
levels is a desirable wetland management alternative due to the fluctuating 
hydrologic regime of Dickey Lake. Food planting programs could increase 
the value of exposed delta zones. 
4.2 Structures 
The use of structures to regulate water levels is critical in 
establishing productive wetlands. Structures designed to remove surface 
water as opposed to subsurface or bottom water promotes greater wetland 
fertility (Cook and Powers, 1958) Simple weirs or drop inlet ponds 
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(Figure 4.1) can provide the necessary structures for most small marsh 
development in the upland areas surrounding Dickey-Lincoln. Programmed 
control of water levels can optimize breeding habitat, food and cover for 
wildlife species (Cringan, 1971; Mendall, 1949) Water level manage-
ment has been shown to affect food choice of Maine black ducks (Mendall, 
1949). Proper' use of structures in conjunction with food plantings can 
increase wetland productivity. Another structural option is to promote 
beaver ponds, however, they tend to be temporary and are less desirable 
for food management programs. 
r 
Structures can be used i;o mitigate the fluctuating level of Dickey 
Lake. The use of dikes at mouths of river inlets would encourage sediment 
deposition and control water levels for wetland development. Dikes de-
signed to maintain water levels 1-6 feet deep would create shallow marsh 
to deep marsh wetland types. Structural specifications would be costly 
and require rock breakwater or floating log booms to prevent soil 
erosion. Other engineering specifications would depend upon flows of 
incoming streams. 
4.3 Food Plants 
Managed wetland habitats would allow effective food planting programs. 
Controlling water levels is the key to maintaining optimum growth and 
seed or tuber production of introduced plants (Mendall, 1949) A list-
ing of marsh and aquatic plants in the Northeast Region ranks pondweeds 
(Potamogeton spp.), bulrushes, smartweeds, and wildrice (Zizania aquatica) 
as having highest waterfowl usage (Martin et al., 1951) A study in 
Maine including the St. John River area showed that water bulrush (Scirpus 
subterminalis) and Torrey's three-square bulrush (S. torreyi) were 
principal fall and summer foods for black ducks. Bur reeds were next 
in importance. Sedge seeds and bur reed seeds were predominant spring 
foods (Mendall, 1949) Wetland foot plants can be supplied for other 
specific wildlife such as deer. Water-parsnip (Suim suave), water 
smartweed (Polygonum amphibium) and arrowhead (Sagittaria latifolia) 
were common species utilized by deer in the Big Meadows area (New 
Brunswick) along the St. John River (Skinner and Telfer, 1974). Local 
food studies in the Dickey Lincoln area would be necessary before 
effective planting programs could be carried out. 
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"Composition!and interspersion are thus 
the two principal determinants of 
potential aoundance on game range" 
Aldo Leopold, 1933 
1. Introduction 
The purpose of this report is to provide comprehensive and 
detailed plans for mitigating part or all of the wildlife losses 
caused by implementation of the Dickey-Lincoln School Lakes Project 
in northern Maine. 
Authority for the mitigation process is contained in Public 
Law 85-624 entitled the Fish and Wildlife Coordination Act (also 
see 16 U.S.C. 661-666c). This act requires the Corps of Engineers 
to consult with the United States Fish and Wildlife Service (USFWS), 
and the head of the Maine Department of Inland Fisheries and Wild-
life (MDIFW). This consultation is intended to lead to the " 
conservation of wildlife resources by preventing loss of and damage 
to such resources as well as providing for the development and im-
provement thereof . " (P.L. 85-624) of all wildlife in the 
Dickey-Lincoln School Lakes project area. Determination of damage 
to wildlife and all recommendations to reduce loss, including miti-
gation and compensation, are the responsibility of the Secretary 
of the Interior. 
Additional authority for the mitigation process is contained 
in the Water Resources Planning Act (P.L. 89-80 as amended). This 
act created the Water Resources Council with a charge to establish 
principles, standards and procedures for evaluation of federal 
water and related land resources projects. The Water Resources 
Council published "Principles and Standards for Planning Water and 
Related Land Resources" in 1973 (FR, 1973). The objective of these 
principles and standards is to promote the quality of human life 
in terms of: 
• enhancing "national economic development by increasing 
the value of the Nation's output of goods and services 
and improving national economic efficiency", and 
• enhancing "the quality of the environment by the manage-
ment, conservation, preservation, creation, restoration, 
or improvement of the quality of certain natural and 
cultural resources and ecological systems." (FR, 1973) 
The document requires evaluation of these objectives by either 
monetary or non-monetary measures. The USFWS established the Joint 
Federal-State-Conservation Organizations Committee to develop a 
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procedure to evaluate habitat based on non-monetary measures in 
order to display,beneficial and detrimental effects of water de-
velopment projects on fish and wildlife resources. The committee 
developed the Ecological Planning and Evaluation Procedures (Hickman, 
et al., 1974), which are currently used by the USFWS in a modified 
form for analysis of water development projects (USFWS, 1976). 
The Corps of Engineers must consider the report and recommen-
dations of the Secretary of the Interior; the project plan " 
shall include such justifiable means and measures for wildlife 
purposes as the reporting agency finds should be adopted to obtain 
maximum overall project benefits. (P.L. 85-624). This separate 
report evaluates and expands upon the USFWS (1978) report and repre-
sents the Corps of Engineers recommended mitigation plan for the 
Dickey-Lincoln School Lakes project. 
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2. USFWS Mitigation Plan 
On January 3, 1978, the USFWS issued its final report of the 
Conservation and Development (C&D) Report on the Dickey-Lincoln 
School Lakes Project (USFWS, 1978). This report summarized recom-
mended fish and wildlife mitigation measures to be undertaken upon 
implementation of the project. 
2.1 USFWS Recommendations 
The following wildlife management recommendations were made 
by the USFWS for the Dickey-Lincoln School Lakes Project: 
• An area of land between 161,283 and 192,991 acres in 
size will be acquired, of which 31,708 acres (USFWS, 
1977) must be existing deer wintering habitat. 
• All wildlife management should be conducted by the MDIFW. 
• Forest harvest operations will be the major wildlife 
management technique and will involve single-tree and 
group selection cuts on a 10-year cutting cycle. 
• Wetlands will be managed by regulating beaver populations 
or water levels. 
• Unused roads should be limed and seeded with Ladino 
clover. 
• Suitable shallow areas around Dickey Lake should be 
diked to stabilize water levels for waterfowl use. 
• Reservoir clearing should precede inundation by as short 
a time interval as possible. 
• Reservoir clearing should include all areas of the inun-
dated pools. 
• Special studies are recommended to determine the current 
status of marten, fisher, lynx, bobcat, and river otter 
in the pool area.* 
• Costs for management of mitigation lands should be 
$2/acre per year ($l/acre per year for wetlands). 
• Offices and storage facilities should be constructed at 
a cost of $264,000 (to be shared with the Fishery person-
nel) with annual costs of $8,000. 
* All scientific names have been presented previously (ERT, 1977). 
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• Additional salary and equipment costs for whitetail deer 
mitigation should be $25,000 annually. 
• The USFWS, MDIFW and Habitat Evaluation Procedures (HEP) 
team members will develop a conceptual wildlife manage-
ment plan including cost estimates during FY 1978 at a 
cost of $41,500 (includes fisheries cost). 
These recommendations are based upon application of the 
Ecological Planning and Evaluation Procedures (Hickman, et al., 
1974) as modified by the USFWS (USFWS, 1976) and the HEP team 
members. (The team consisted of two members from the MDIFW, one 
member from the USFWS, and one member from the Corps of Engineers' 
ecological consultants staff.) In addition, whitetail deer recom-
mendations (USFWS, 1977) are based upon a study conducted by the 
MDIFW (Hutchinson, 1976). 
The procedures are intended to evaluate non-monetary losses 
of wildlife due to project implementation. The procedure evaluates 
ten (10) species of wildlife (including non-game species) and ranks 
each existing habitat as to its food and cover suitability and 
overall productivity for each species. The sum of the individual 
values for each species comprises the habitat unit value for that 
habitat. This habitat unit value forms the basis for USFWS miti-
gation recommendations, although other considerations are also 
evaluated such as the management potential of each habitat. 
The ultimate objective of this process is the replacement 
(on a one-for-one basis) of all faunal organisms which would be 
lost due to project implementation and for the life of the project. 
The procedures assume that by replacing habitat units that would 
be lost, the wildlife that would be lost will also be replaced. 
2.2 Critique of USFWS Recommendations 
An independent assessment of the USFWS (1978) mitigation 
recommendations was conducted. This section discusses several 
considerations which are important to the concept of the habitat 
evaluation procedures. 
An important consideration is the treatment of home range. 
In order for an organism to survive, all requirements for support-
ing and reproducing that organism must be within its home range. 
Frequently, an organism's survival requirements are not met within 
a single habitat type. When this occurs, the habitat evaluation 
procedures (used on Dickey-Lincoln) will not give a true indication 
of the habitat value for the organism. It appears logical to 
apply the habitat evaluation procedures to organisms which have 
home ranges restricted to a single habitat type. Conversely, the 
procedures appear to discriminate against those species which 
utilize (i.e., require) more than one habitat type. 
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A second consideration is the unstated assumption that by 
replacing habitat units which are lost, animal populations will 
also be replaced. Each habitat was evaluated on the basis of 
three parameters: food, cover, and overall productivity; these 
same parameters were also evaluated to determine the management 
potential for that habitat. For example, if we have a habitat 
with a habitat unit value of 42 and a mangement potential of 84, 
for each acre of that habitat which is lost to the project, manage-
ment of an equivalent acre (off the project area) up to the manage-
ment potential of 84 will essentially replace the project acre 
which was lost. The unstated assumption is that the animal popu-
lation on the managed acre must achieve twice the population of 
the original unmanaged acre. Only food, cover, and overall produc-
tivity were evaluated; in some cases other factors (e.g., inter-
specific competition, seasonally required habitats, parasites and/ 
or disease) may be limiting so that the anticipated doubling of 
the animal population may not occur. 
There is a problem associated with this doubling of the 
animal population. Mitigation is defined as a one-for-one replace-
ment (termed " replacement in kind. " by Hickman, et al., 
1974). Compensation is defined as replacement which is satisfactory 
in other ways to wildlife interest groups. Thus compensation implies 
replacement with species other than those originally lost. Manage-
ment practices recommended for the Dickey-Lincoln School Lakes 
project (USFWS, 1978) will essentially convert a near-wilderness 
ecosystem into an intensively-managed (selectively-harvested) forest. 
Predicted changes in vegetation types have been summarized previously 
(ERT, 1977: 96 ff.). Expected changes in fauna have also been 
summarized (ERT, 1977: 107); thus it is anticipated that management 
of mitigation lands would be a combination of both mitigation and 
compensation. The goal of mitigation and compensation would be to 
replace the total faunal biomass lost annually due to the project, 
without affecting the ecological integrity of the mitigation lands. 
A more complex problem occurs when a change in species compo-
sition is used to compensate for project losses. The 10 species 
selected in a habitat are to be " representative species that 
are dependent to some degree on the habitat type being evaluated 
and which best express its diversity. " (USFWS, 1976, Form No. 
3-1101). Since the project area is currently in a near-wilderness 
state, species typical of mature, undisturbed forests were included 
as representative species. The proposed management techniques 
would modify this mature forest to a younger, selectively-cut forest, 
which in turn would change the species composition to a fauna 
characteristic of the managed forest (i.e., compensation would 
be an inevitable result). However, the management potential of 
this new managed forest is based upon the original 10 representative 
species that were selected (i.e., the management potential considers 
only mitigation, not compensation). Some of these original faunal 
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species evaluated for the management potential are characteristic 
of the mature, undisturbed forest and would not be greatly bene-
fited by management (i.e., mitigation) or, in some cases, would 
be adversely affected by management. Thus the management potential 
which was determined for each habitat may be a low estimate of the 
true management potential if compensation occurs and replacement 
of the total faunal biomass is the object of mitigation and compen-
sation . 
Interspersion of habitat types is generally considered by 
wildlife ecologists to be of major importance in improving wild-
life populations in a given area (Leopold, 1933; Allen, 1954). 
Interspersion is defined as the physical arrangement of habitat 
types on a specific area. Interspersion is increased by forest 
and wildlife management techniques which decrease the size of each 
habitat type through creation of new and different types within 
each large uniform type. 
Intraspersion is defined as the variability of habitat within 
a single habitat type. Intraspersion is increased by forest and 
wildlife management techniques which create very small and local-
ized changes in habitat which do not change the overall habitat 
designation. The original size of the habitat generally is not 
changed. 
The habitat evaluation procedures do allow for a mechanical 
analysis of interspersion, and this parameter was determined for 
the Dickey-Lincoln School Lakes project. However, later analysis 
by the HEP team members resulted in several problems with analysis 
and interpretation of interspersion, therefore, the team discarded 
interspersion in favor of intraspersion as the management technique 
to improve habitats for wildlife. It is our opinion that both 
interspersion and intraspersion are viable management techniques, 
and both should be carefully considered for implementation on the 
mitigation lands. If interspersion is reconsidered and implemented, 
then the number of acres required for mitigation should be reduced 
from the current recommended level (USFWS, 1978), although this 
potential reduction has not been quantified by the USFWS at present. 
The problem of interspersion is illustrated in Figures 2-1 
and 2-2 (see Table 2-1 for type definitions) This analysis is 
based upon a typical example of forest types in this northern 
Maine region. The proposed mitigation management plan of the USFWS 
is superimposed on this land area at year 10 after implementation 
of mitigation measures as discussed in the USFWS (1978) report. 
The USFWS plan results in a 5% reduction in habitat types over the 
mitigation area by management of all types (except deer yard habi-
tats) to a "2B" classification. This effectively reduces inter-
spersion rather than increasing interspersion as recommended in 
our plan (discussed in Section 4.2.1.6). 
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The above discussion illustrates some of the difficulties in 
the application of the habitat evaluation procedures to this par-
ticular project. It is admitted that these procedures are new and 
are continually being revised as they are employed on various 
projects and habitat types.. These preceeding comments are intended 
to be constructive for future applications of the procedures, and 
to point out where improvements and adjustments may be appropriate 
in order to adequately determine the acreage required for miti-
gation and compensation of future water development projects. 
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3. Analysis of Alternative Sites 
A total of three sites was selected for analysis as the 
potential single area most suited for mitigation and compensation 
of wildlife losses due to implementation of the Dickey-Lincoln 
School Lakes Project (Figure 3-1). These three areas were selected 
due to their proximity to the project area or due to proximity to 
currently protected lands which contain similar habitat types and 
remoteness from human population centers. Refer to the Draft EIS 
for further information concerning the project area (USACE, 1977). 
Two areas are located in Aroostook County: the Limited Access 
area and the Allagash area. The third area is the Baxter area in 
Piscataquis County. 
The first site is the Limited Access area which would be 
created by the proposed Dickey Lake (Figure 3-1). This area of 
183,768 acrefi would be bounded by Dickey Lake on the south and 
the Canadian border on the north (or the area between the Little 
Black, St. John, and Big Black Rivers, Shields Branch and the 
Canadian border). 
The second area, termed the Allagash area, is located between 
the Allagash River and the proposed Dickey Lake (or the St. John 
River). This area is of variable acreage depending upon the 
portion of the area which is considered. Initial considerations 
are based on an area of 264,587 acres which is bounded by the 
Allagash River, the proposed Dickey Lake, and the Nine-mile Bridge 
road to Clayton Lake, continuing to the Thoroughfare Bridge over 
the Allagash River. 
« 
The final area considered was the Baxter area, which is 
located to the north and west of Baxter State Park. This area 
of 378,628 acres is bounded by the northern border of Baxter State 
Park, Penobscot County, Aroostook County, Allagash River, Churchill 
Lake, Eagle Lake, and Chamberlain Lake to the same latitude as the 
northern boundary of Baxter State Park. 
Various parameters have been evaluated in considering which 
of these three alternatives is best suited for mitigation purposes. 
These parameters are based on existing conditions in each area and 
are: location, accessibility, land restrictions, habitat types, 
forest maturity, and deer yards. An additional parameter, poach-
ing, is based upon the potential for this parameter. There is no 
significance to the order of presentation. The amount of infor-
mation available for each of these areas differs in its degree of 
completeness and complexity. Therefore, the most detailed infor-
mation on each parameter has been used in evaluating each area. 
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3.1 Location 
i 
Location refers not only to a geographic area but to its 
proximity to the project area. In order to mitigate and compensate 
for project losses, it is desirable to locate the mitigation lands 
within a similar ecosystem in order that the floral and faunal 
species composition be as similar as possible to that which is 
affected by the project. The Limited Access area is the area 
closest in proximity to the project since it would be bounded on 
three sides by the proposed Dickey Lake. The Allagash area would 
be located on the southeasterly side of the proposed Dickey Lake. 
The Baxter area is located about sixty (60) miles south of the 
project area. 
3.2 Accessibility 
Accessibility refers to several considerations, including 
the road system within each area, proximity to centers of human 
population and the distance that forest products would have to be 
hauled for primary manufacture. Essentially all three consider-
ations relate to remoteness of the area. 
None of the three areas contains major public road systems. 
All roads currently within each area are private roads which are 
maintained by the timber company landowners or management companies. 
The Allagash road system would be less disturbed by flooding of 
the impoundment than would the Limited Access area road system, 
although both areas appear to have a comparable system of roads 
currently. The road system in the Baxter area appears to be 
slightly more extensive than either of the other two areas (Maine 
Department of Transportation, 1977). 
The proximity of each area to population centers can be 
assessed in two ways: proximity to Canadian citizens and proximity 
to American citizens. Since the wildlife essentially belongs to 
the American public, only the American population proximity to 
the three areas has been considered. Based upon visitor use infor-
mation for 1975, it appears that the Baxter area receives more 
utilization (68,857 visitor-use days) and is closer to major popu-
lation centers of Maine than are the other two areas (Maine Depart-
ment of Conservation, 1978). The Allagash Wilderness Waterway area 
received 43,507 visitor-use days (NMRPC, 1977). The Limited Access 
area is located the farthest from these same population centers 
and received less than 17,867 visitor-use days (NMRPC, 1977). 
Since the major wildlife management tool anticipated for the 
mitigation lands is timber harvesting operations, it is important 
to the economics of mitigation that markets exist for wood products 
from mitigation lands. Currently there is limited primary manu-
facturing capability near the St. John region except for Canadian 
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mills (E. C. Jordan, 1977). Although the trend is for more wood 
products to be exported to Canada, the desire of certain Maine 
foresters is to reverse this trend and encourage U. S. manufacture 
of wood products (E. C. Jordan, 1977; ERT, 1977). In relation to 
U. S. mills, the Baxter area is most accessible to markets for logs 
harvested on the mitigation lands. The Limited Access area is most 
remote from these same mills and other mills located in Aroostook 
County. 
3.3 Land Restrictions 
The importance of this parameter is in restrictions already 
present on the land which would limit the ability of wildlife 
managers to implement specific practices to improve habitats for 
wildlife. 
The Land Use Regulation Commission (LURC) currently has zoned 
all deer yards in order to protect them. This protection, as well 
as other state and federal laws which protect other resources (e.g., 
wetlands) would apply equally on all three areas under consider-
ation. However, there are potential additional restrictions on 
two of the areas. Most important are regulations governing all 
activities adjacent to the Allagash Wilderness Waterway. A re-
stricted zone extends 500 feet on either side of the waterway, 
and camps, timber cutting, and construction are prohibited in this 
area (Maine Department of Conservation, n.d.). Certain maintenance 
activities are allowed in this zone such as removal of diseased 
trees. An additional zone exists which extends one mile on either 
side of the waterway. Timber harvesting and construction activi-
ties are allowed in this zone, but all plans must be approved by 
the Maine Bureau of Parks and Recreation (Scott, 1977). Since a 
majority of deer yards are located near rivers, the management 
potential of deer yards may be severely limited in the Allagash 
area. 
Although we are unaware of any additional restrictions on land 
adjacent to Baxter State Park, we believe that it is in the inter-
est of the public to have mitigation management plans reviewed by 
Baxter State Park personnel for compliance with current land use 
plans in effect within the park. This would apply primarily to 
lands within scenic viewscapes of park facilities. 
No additional restrictions are apparent for the Limited Access 
area. 
3.4 Habitat Types 
In general, mitigation measures should be implemented in habi-
tat types similar to those which would be affected by the project. 
The process of converting forest stands to desired habitat types 
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is costly and would severely delay obtaining the diversity of 
forest types which is desired for mitigation. Table 3-1 summa-
rizes the distribution of habitat types as they occur on the three 
areas considered for mitigation and compares them to the habitat 
types which would be lost to the project. Although all three 
areas have habitat type percentages that differ significantly from 
the desired percentages, it appears that the Baxter area is most 
similar to the project. The probable cause that the two areas 
closer to the project area are less similar appears to be related 
to the proposed inundation of spruce-fir habitats and developed 
lands near the stream bottoms. This reduces the percentage of 
spruce-fir and nonforest types and increases the percentage of 
hardwoods (Table 3-1). 
3.5 Forest Maturity 
Volume is used as an indicator of maturity of the forest 
stands. Mature stands have a greater potential for anticipated 
mitigation measures and thereby require fewer acres to achieve 
full mitigation and compensation. 
Aroostook County contains a higher percentage of sawtimber 
volume than does Piscataquis County which indicates a more mature 
stand (Table 3-2). Based upon previous investigations (ERT, 1977). 
it appears that the Allagash area contains a greater percentage of 
mature timber than the Limited Access area due to the inclusion of 
river bottom habitats along the Allagash River. These habitats 
a^e more productive than upland habitats (ERT, 1977) and have 
been protected (see Land Restriction discussion above) for 12 years. 
The current rate of timber removal is also used as an indi-
cator of maturity. The importance of this parameter is in judging 
how fast the mature forest stands are being modified; the faster 
a stand is being changed, the less is the potential for management 
in terms of mitigation. As site-specific information is not 
currently available for each area, the timber removal data for 
each county forms the basis for this analysis. 
Overall, the Baxter area is experiencing less timber removal 
than are the two Aroostook County areas (Table 3-3). Only 24% of 
the softwood net growth is being removed each year in Piscataquis 
County compared to 42% in Aroostook County. However, 91% of the 
hardwood net growth is being harvested in Piscataquis County com-
pared to 32% in Aroostook County. It would appear that the high 
hardwood harvest rate in Piscataquis County would produce a greater 
amount of young hardwood growth (i.e., reproduction and sucker 
growth) within reach of herbivores than would be found in Aroostook 
County. Therefore, the potential to increase available browse for 
wildlife in the Baxter area would be lower than in Aroostook County. 
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Within Aroostook County, a comparison was made (Table 3-4) of 
softwood and hardwood size classes between the Limited Access Area 
and the two-mile limit (excluding the impoundments). From this 
analysis, it appears that the Limited Access area has received 
more timber harvesting pressure in softwoods than has the two-mile 
limit. The two-mile limit area not only includes a portion of the 
Limited Access area, but also a major area between the St. John 
and the Allagash Rivers. Thus it appears that the Allagash area 
is the preferred area for mitigation based upon timber removals. 
3.6 Potential for Poaching 
In order for a wildlife management program to be most effective, 
potential poaching or illegal killing of game animals needs to be 
controlled. An estimate of potential poaching problems for the 
three areas under consideration was thus attempted. 
According to the MDIFW (Noble, 1978) no statistics are availa-
ble concerning poaching for the three areas. However, poaching 
appears to be related to high and visible populations of big game 
animals, particularly whitetail deer, and to proximity to the 
Canadian border. 
All three areas are within Wildlife Management Unit (WMU) 2, 
but existing populations of game animals are not similar on each 
area (MDIFW, 1975). Hutchinson (1976) considered that the St. John 
Region, which includes the two Aroostook County areas, had deer 
populations 1.8 times higher than the WMU 2 average, which includes 
the Baxter area. 
Based upon proximity to the Canadian border and estimated 
deer populations, the Limited Access area would appear to have 
the most serious poaching problem. The Baxter area should have 
the fewest problems with poaching. 
3.7 Deer Yard Potential 
Winter deer yard habitat is important to survival of whitetail 
deer in northern Maine. A separate report has been prepared by 
the USFWS (1977) on this subject, but it does not compare the three 
areas under consideration in this report. Deer yards are concen-
trated along streams in northern Maine, and this parameter has been 
used to evaluate the locality of deer yard losses for the three 
areas. Upon inundation of Dickey Lake, the most severely impacted 
deer yard area would be the Limited Access area. The Allagash 
area would lose most deer yards along the Allagash River. In the 
Baxter area, small dams have been constructed on Telos, Chamberlain, 
and Churchill Lakes for water control and past logging operations, 
but deer yards adjacent to these lakes should not have been affect-
ed due to the small change in water level. 
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Based upon acreages of deer yards within each area (Table 3-5), 
it appears that all three areas contain sufficient acreages of 
deer yards for mitigation. The size of individual deer yards 
thus becomes a factor in this analysis. The largest deer yards 
are generally associated with undisturbed streams, and are located 
adjacent to these streams. The Dickey Lake impoundment would inun-
date most of the large deer yards in the Limited Access area and 
a lesser number in the Allagash area; deer yards in the Baxter 
area should be the largest of any area due to the lack of stream 
inundation. 
3.8 Discussion 
A total of seven (7) parameters have been evaluated with infor-
mation that is currently available. Table 3-6 summarizes this 
information by ranking each parameter on a scale of 1 (most desira-
ble) to 3 (least desirable). Other parameters could have been 
included in this analysis. Examples of other parameters which 
were considered and deleted from this analysis were: 
• Current ownership 
• Land cost 
• Species composition (forest) 
• Wetlands 
• Soils 
• Proximity to currently-protected land 
These parameters were deleted based upon lack of suitable infor-
mation for comparison, repetition of values for other closely 
related parameters which were considered, or lack of pertinence 
to a final decision on selection of the mitigation area. 
Based upon these evaluations, the Baxter area appears to be 
the optimal choice for location of the mitigation lands. However, 
the three alternatives are not significantly different in this 
analysis. Thus a further analysis was conducted. 
Not all of the parameters evaluated are as important as others 
for determining optimum siting of the mitigation lands. A further 
evaluation using weighting factors was considered appropriate 
(Table 3-7). Weights range from 3 (most important) to 1 (least 
important). 
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This analysis also indicates that the Baxter area appears to 
be the best choice for the mitigation area. However, it is not 
significantly better than either of the other areas. Thus'it 
appears that any of the three areas analyzed would be suitable for 
the mitigation area. 
One additional consideration is a summarization of all para-
meters which have been evaluated; this is called the potential 
for mitigation. This is an important parameter, as the acreage 
required for mitigation depends on the difference between the 
existing wildlife population in each habitat and the management 
potential for each habitat. Inherent within this analysis are 
several considerations. The habitats considered for mitigation 
and compensation should be similar to those which would be lost 
to the project. Mature forest stands are more desirable for miti-
gation purposes, as there is more management potential on these 
lands. Due to the intensive management planned, the mitigation 
area should be suitable for road construction and machine movement 
throughout the entire area. 
t 
This is also a subjective evaluation which must be based upon 
information which is currently available. It is desirable to 
locate the mitigation lands adjacent to the area experiencing 
losses due to the project in order to replace losses more readily. 
The best example of this logic is the whitetail deer whereby deer 
yard management and mitigation within areas adjacent to the area 
of local losses would allow for potential replacement or immigration 
into the area where the losses occurred. 
Due to the intensive management planned for the area, the 
habitat types which are currently present are not as critical as 
other factors, such as the maturity of the stand. Intensive 
management can modify whatever habitats are present towards the 
desirable forest stand composition. 
Accessibility is also important, not only from the viewpoint 
of implementing mitigative practices on the land, but also in 
allowing public access to harvest the wildlife crop. 
Considering all aspects of this subjective category termed 
potential for mitigation, it is concluded that an area southeast 
of the St. John River is the most suitable area for mitigation. 
If mitigation is desired as close as possible to the proposed 
Dickey Lake, then the Allagash area is the logical choice. If 
minimal acreage is desired for the mitigation lands, then the 
Baxter area appears to be the best choice. 
It is the intent of the Fish and Wildlife Coordination Act 
(P.L. 85-624) and the Ecological Planning and Evaluation Procedures 
(Hickman, et al., 1974) that mitigation be accomplished as close as 
possible to the project area where losses would occur. 
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For purposes of this report, the Allagash area is assumed as 
the mitigation area, and all mitigation practices and costs are 
based upon this choice. Costs may differ if another area is se-
lected, but mitigation practices should be similar regardless of 
the area selected. 
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4. Habitat and Species Management 
4.1 Introduction 
This section of the report proposes principles and guidance 
for improving the habitats for and increasing populations of 
various species of wildlife which currently are resident in the 
mitigation area. Recommended procedures are intended to mitigate 
los ses, that is, to provide a one—for—one replacement of wildlife 
lost to the project. Compensation or replacement of species lost 
with different species would be an inevitable result of practices 
which are implemented on the land. 
In order to understand the management plans for each species, 
it is necessary to describe the overall habitat management plan 
which is recommended for the entire mitigation land area. 
4.2 Habitat Management Plan 
4.2.1 Mitigation Techniques 
The habitat types which would be lost within the impoundments 
have been described (ERT, 1977). The intent of the Analysis of 
Alternative Sites (Section 3) was to determine which area is most 
similar in all respects to the area which would be lost due to the 
project. Thus it is intended to locate and manage an area which 
would be best suited for a one-for-one replacement (mitigation) of 
those wildlife species lost to the project. 
4.2.1.1 Forest Harvest Techniques 
The major wildlife management techniques recommended for use 
on the mitigation lands involve the use of standard forestry 
practices as the most economical "tool" for modifying existing 
habitats. A combination of selection cutting and clearcutting, 
with several modifications of each is recommended to increase the 
diversity of forest types on the mitigation area. It is appropriate 
to define the forestry terms at this stage in order to maintain a 
uniform understanding of practices which are recommended within 
this section. 
• Single-tree selection - This harvesting technique is 
used to create or maintain unevenaged forest stands 
(i.e., all ages of trees are represented within each 
unit of land area). Individual trees are marked for 
harvesting based (usually) upon a diameter or basal 
area limit. 
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• Group selection - An unevenaged forest harvest technique 
which will maintain all ages of trees within each unit 
of land area, but with small areas (groups) of evenaged 
trees spread throughout that same unit of land. Some 
limit to the size of each group must be established, 
and for purposes of this report, group selection will be 
limited to one half acre in size. Any area larger than 
this would be classified as a clearcut. 
• Clearcut - This is the best known harvesting method to 
create an evenaged forest (i.e., all trees are the same 
age, within specific limits of age, within each unit of 
land area). Adjacent clearcut units of land area may 
be of differing ages. The size limit of a clearcut may 
range from one half acre (group selection) to very large 
areas exceeding 1000 acres in size. 
• Seed-tree method - A modification of the clearcut method 
whereby a few selected trees are left standing on an 
otherwise clearcut area. The purpose is to provide an 
adequate seed source for the clearcut area. Seed trees 
are harvested as soon as adequate reproduction has been 
established. 
• Shelterwood method - Another modification of the clearcut 
method whereby parallel clearcut strips are cut through 
a unit of land. The remaining uncut strips serve as a 
seed source and are harvested when adequate reproduction 
has been established. 
These are the major forest harvesting techniques which will 
be interspersed throughout the mitigation area. 
The expected forest composition would be predominately spruce-
fir forests along streams and low areas while hardwood forests are 
expected to dominate on ridges. Mixed forests are expected to 
occur between the pure forests of the valleys and ridges. Aspen-
birch stands are expected on old burns and various clearcuts where 
bare soil has been exposed. Each of these habitat types (except 
perhaps the aspen-birch type) is expected to be extensive and of 
a uniform age. The objective of the mitigation effort is to in-
crease diversity of the area and to reduce the uniformity of large 
expanses of single forest types. 
In order to obtain increased diversity on the mitigation area, 
the entire area must have some level of management imposed upon each 
acre of land. The time interval between management practices on 
each acre of land should be between 10 and 20 years depending upon 
the management objective and the habitat type involved. 
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Fortunately, the forest stands of northern Maine can be 
effectively managed by either clearcut or selection cutting systems. 
Both harvesting systems (and their modifications) would be employed 
on the mitigation area in order to achieve the greatest diversity 
of forest types as is possible. Other techniques would also be 
employed. 
4.2.1.2 Wildlife Foods 
Wildlife food plantings are recommended throughout the miti-
gation lands. Three areas lend themselves to this technique: 
specific food plots, secondary logging roads, and access trails 
which meander through the mitigation area. An additional area for 
wildlife plantings are in wetland areas to improve waterfowl food 
availability. Specifics for food plantings will be discussed later 
in this section. 
4.2.1.3 Timber Stand Improvement 
Timber stand improvement (TSI) techniques are also recommended 
throughout the mitigation lands. These techniques include thinning 
operations in nonmerchantible stands as well as merchantible stands 
in order to open the canopy and induce growth of the understory and 
ground cover. Weeding (or selected removal of unwanted stems) may 
also be practical to improve food production of desired species. 
Liberation cuttings may be made in order to clear older competing 
vegetation from younger specifically desired trees (e.g., northern 
red oak and American beech). These desired trees may provide a 
needed food source, shelter, or cavities for nesting. Salvage 
cuttings would also be needed in areas severely damaged by spruce 
budworm attack. This problem should be reduced as the mitigation 
area comes under management and as the more susceptible mature and 
overmature trees are removed by management practices. Since the 
spruce budworm is a food source, especially for avifauna and Insecti-
vora, it may be desirable to achieve a balance whereby the budworm 
is still common on the area, but not in epidemic numbers. 
4.2.1.4 Forest Stand Modification 
Modification of stand composition would be an important miti-
gation technique to increase diversity of the area. Several tech-
niques may be employed including planting, scarification, burning, 
and partial cutting (termed improvement cutting). 
Planting and Seeding 
Planting and seeding would be used to create new vegetation 
types in selected areas. The species planted must be adapted to 
northern Maine conditions and must also provide some new value for 
resident wildlife. A good example is northern red oak which provides 
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a valuable food source for a variety of wildlife (Martin, £t al., 
1951). Although this species is not common in northern Maine, the 
St. John region is within the known range of this species (Harlow 
and Harrar, 1958). 
Two other types should also be encouraged on the mitigation 
area: northern white cedar and white pine. Northern white cedar 
is a preferred winter food for whitetail deer, and this forest 
type should be planted adjacent to existing deer yards. Wet sites 
are especially suited to this species. These areas may require 
protection (i.e., fencing) to allow them to survive the first few 
years after planting. 
White pine should be encouraged on dry sites which occur in 
valley habitats and on hardwood ridges. This species will not 
only increase diversity of the forest, but will eventually serve 
as potential nest sites for raptors and great blue herons. 
Seedbed Preparation 
Scarification (exposing the mineral soil) and prescribed 
burning are used primarily in clearcut areas to prepare the seed-
bed for regeneration. In northern Maine either of these practices 
generally produces an aspen-birch stand regardless of what type of 
forest was present prior to burning or scarification. These tech-
niques can be very useful in increasing diversity and interspersion 
in single large forest types. 
Improvement Cuts 
Partial or improvement cuts can be utilized in mixed stands 
in order to increase the species composition in a desired direction 
For example, within a large expanse of a spruce-fir/hardwood type, 
improvement cuts can be implemented to create pure hardwood or pure 
softwood types within local areas. The purpose of this practice 
is to increase diversity and interspersion of the forest. 
4.2.1.5 Fertilization 
Fertilization is another tool which would be useful to in-
crease food production of selected trees or forest types. Soil 
analyses should be conducted prior to fertilization in order to 
determine which nutrients are below desired levels and to determine 
which fertilizer would produce the greatest effect (i.e., the limit 
ing factor concept as discussed in Odum, 1959). 
The goal of fertilization is not to improve timber volume of 
forests but to increase food supplies in the form of vegetative 
and reproductive growth (e.g., seeds) of individually selected 
trees and shrubs as well as selected forest stands. 
4.2.1.6 Summary 
Application of these various techniques of habitat management 
would create a modified ecosystem in which a greater and more di-
verse population of flora and fauna would occur. At the present 
time it would not be feasible to describe individual treatments 
for every acre of mitigation land for each year of treatment. How-
ever, an example from a single aerial photograph will be used to 
illustrate the philosophy of habitat management throughout the 
first ten (10) years of treatment (Figures 4-1 to 4-12). The pro-
posed management plan is an ambitious program which utilizes forest 
harvesting activities as the major tool for modifying habitats. In 
the ten years illustrated, the number of types would be increased 
about five-fold (i.e., from 39 to 207 types) The amount of habi-
tat "edge" is increased, the major road system is expanded, and 
existing deer yards are being managed to increase winter carrying 
capacity. This change occurs while approximately 32% of the area 
remains untouched by management practices within the first ten 
years of treatment. 
Management practices are based upon the following concepts: 
• Reduce the size of single large uniform types. 
• Increase diversity and interspersion of and within all 
forest types. 
• Reduce the age of stands from mature and overmature by 
selective harvest techniques. 
• Increase intraspersion by single-tree and group selection 
practices thereby allowing more light to reach the forest 
floor. 
• Manage mixed forest stands to increase hardwoods in the 
spruce-fir valleys and softwoods on the hardwood ridges. 
• Increase the amount of hardwoods near streams to improve 
the habitat and foods for beaver and other aquatic-oriented 
species. 
• Increase the presence of oaks and other desired species 
on the area by planting. 
• Construct major access roads early in the program at 
about 1/3 to 1/2 mile intervals through the forest. 
• Manage existing deer yards to increase their winter 
carrying capacity. 
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• Create forest stands which should not exceed 20 acres 
in size, except for deer yards. 
• Distribute forest stands to be managed each year through-
out the management area. 
• Create, within a 10-year time span, as few as possible 
stand types managed to the same type description as exist 
in adjacent types. 
• Increase temporary access roads (not indicated in Figures 
4-1 to 4-12) which are required in addition to the main 
access roads for timber harvesting, but they should be 
abandoned after use, planted or seeded, and vehicle access 
restricted. 
The practicality of this management procedure can be addressed 
by comparing growth of the forest versus the harvest required by 
this mitigation plan. Table 4-1 indicates the predicted results 
of the first 10 years of mitigation management and its effects on 
the age, density, and species composition of the forest. Annual 
cut versus annual growth data indicate that the forest will not 
decline. Annual growth is estimated to be in the range of 0.66 to 
0.80 cords/acre/year (ERT, 1977). Annual cut for implementing the 
mitigation practices is estimated at 0.59 cords/acre/year (Table 
4-2), based upon the age composition of the forest. Although the 
harvest would be intentionally increased during the first twenty 
years in order to achieve a managed forest as rapidly as possible, 
the forest would still be healthy and would increase in total 
growing stock. This indicates that the forest can withstand even 
greater harvests throughout the remainder of the management period. 
At the same time, the goals of mitigation are being achieved. Thus 
it appears that the objectives of combined forest and wildlife 
management can be met on the mitigation lands. In fact, the timber 
harvest will be almost doubled on the mitigation lands (from the 
current rate of 0.31 cords/acre/year) while simultaneously increas-
ing the wildlife resource on the same lands (ERT, 1977). 
4.2.2 Wetland Mitigation Techniques 
The major mitigation measures would involve water control 
structures in areas which are conducive to marsh establishment. 
Such areas as shrub swamps, wooded swamps, and wet sites of mature 
spruce-fir forests would be considered for creation of marsh habi-
tat. The interspersion of various habitat types with wetlands 
would increase the value of both areas to wildlife. Deep marsh 
habitats adjacent to shallow fresh marshes can be created through 
the judicious use of dynamite. Planting of desired aquatic foods 
would also benefit the shallow fresh marshes (discussed later in 
this section). 
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In addition to the major techniques discussed above, another 
technique may be valuable for maintaining shallow fresh marsh habi-
tat adjacent to deep water habitat such as Dickey Lake. This miti-
gation measure would involve treatment of lands between the maxi-
mum pool elevation and the fluctuating level of the proposed Dickey 
Lake. This is the so-called "bathtub ring" area. Normal summer 
drawdown from the 910 elevation would be about two feet vertically 
or about 35 feet horizontally. This is about 1500 acres of land 
area. The 910 pool elevation is expected to be obtained about half 
of the years of operation. However, about 10% of the time the 
maximum pool elevation would be at 900 feet or lower. For planning 
purposes the area between the 900 and 913 elevation will be con-
sidered for mitigation purposes using dikes to regulate the water 
level. The area involved is estimated to be approximately 230 feet 
wide. For the 350 miles of shoreline this amounts to a total of 
9,760 acres. Not all of this acreage is suited to diking, as a 
constant source of freshwater is not expected along the entire 
shoreline and steep slopes would negate the value of such areas 
for wetland development. It is believed that dikes without a 
constant input of freshwater will stagnate and gradually fill with 
organic debris. The following is a conceptual approach to creation 
of wetlands along the proposed Dickey Lake shoreline. A coarse 
rock breakwater or floating log boom is needed to prevent soil 
erosion of the protected wetland area due to wave action. Dikes 
which are two to six feet high would be created out of available 
materials and would be designed to catch and control water flow 
from the influent stream and spread the flow throughout the area 
behind the dikes and breakwater. Gravel flow channels will be 
needed on the spillways between successive dikes to control soil 
erosion. Each diked area will vary in water depth from bare ground 
to six feet. Aquatic food plants would develop naturally, but 
plantings would assist the mitigation effort and should include 
the following: 
Cattails 
Bur reeds 
Pondweeds* 
Wild celery (Vallisneria spiralis) 
Rice cutgrass (Leersia oryzoides) 
Wild rice* 
Wild millets 
Bulrushes 
Smartweed* 
^indicates the most important species. 
Lands adjacent to diked areas should also be managed to increase 
suitable shrub species. Recommended shrubs include: 
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Speckled alder 
Red-osier dogwood 
Willow (all species) 
These areas will provide needed escape cover as well as additional 
foods for a variety of fauna. 
4.3 Species Management Plans 
In addition to habitat management, specific wildlife manage-
ment techniques are proposed for various indigenous wildlife 
species. Details are discussed by species or groups of species 
in this section. 
4.3.1 Whitetail Deer 
The USFWS has developed a special report concerning impact 
upon and mitigation for whitetail deer in the Dickey-Lincoln School 
Lakes project area (USFWS, 1977). They recommend that 25,366 acres 
of deer yard be obtained along with an additional 6,342 acres for 
a buffer strip and that deer yards be managed to double their 
carrying capacity. These recommendations are intended to mitigate 
59% of the whitetail deer loss due to the project. 
Utilizing calculations employed by the USFWS, a total of 
120,303 acres of deer yards would have to be managed in order to 
achieve 100% mitigation of the deer resource. The entire St. John 
region contains only 37,187 acres of deer yards outside of the 
impoundments (Hutchinson, 1976). 
It thus appears that if complete mitigation of the deer 
resource is desirable, some innovative thinking and management 
practices are required. Two possibilities appear to be worthwhile 
in order to determine if new strategies will be effective in 
northern Maine. During clearing activities, we recommend that 
all proposed inundated deer yards within one valley be clearcut 
to determine whether deer will abandon their traditional yarding 
area and either create new deer yards or whether they will just 
move to traditional deer yards in other valleys. There appears 
to be a large amount of potential deer yard habitat (i.e., SW3A) 
which is not currently being used for yards. Whether deer will 
utilize adjacent spruce-fir areas when their traditional yards 
are destroyed is not known. 
A second technique is an attempt to reduce the importance of 
deer yards to deer survival in northern Maine. This may be 
accomplished by coordinating certain timber harvesting efforts 
with the winter deer yarding period. The purpose is to attract 
deer to areas where timber is being harvested, and essentially 
encourage deer to follow the chainsaw throughout the winter period 
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rather than yard up for the winter (Strong, 1977). The high quality 
of browse available in the tops of harvested trees would be made 
available to deer throughout the winter period, thereby increasing 
their food resources at the expense of increased exposure and energy 
expenditure. The effectiveness of this technique is expected to 
depend upon the severity of the winter. 
Thus the primary mitigation effort is expected to be deer yard 
management to increase the winter carrying capacity. This is ex-
pected to mitigate 50 to 60% of the deer loss. If either c>f these 
other techniques is effective, mitigation may approach 100%. 
Other management techniques should also be employed for deer 
mitigation. A logical recommendation is that the MDIFW relax 
hunting restrictions in the affected St. John River Valley (i.e., 
only in the 27 townships listed by Hutchinson, 1976) immediately 
prior to and during flooding of the Dickey reservoir. An increased 
deer harvest would be desirable to reduce the deer population. A 
reduced deer population is desired from the viewpoint of reducing 
overpopulation of the remaining deer yards and concomitant over-
browsing of essential winter food resources. 
Although summer foods are not overbrowsed currently, some food 
plots distributed throughout the mitigation lands may allow deer 
to enter the winter period in better condition. Almost any agri-
cultural crop will be utilized by deer; and crops such as clover, 
winter rye, winter wheat, corn, buckwheat, oats, alfalfa and soy-
beans may be planted to provide additional highly nutritious foods 
(Taylor, 1956:212). Browse species may also be planted, prefer-
ably along meandering trails through the forest types. Species 
of value to deer include striped maple, sweet fern, oaks, Vaccinium 
spp., sumac, and viburnum (Martin, ej: aT. , 1951). 
A.3.2 Moose 
The moose population in northern Maine is presently increasing 
rapidly, and is considered to be a reflection of the current timber 
harvesting practices. The proposed habitat management plan should 
enhance the moose population in the mitigation area. Specific en-
hancement of the environment would be directed at increasing pre-
ferred food resources. Willow (Salix spp.) and mountain-ash (Sorbus 
spp.) should be encouraged along stream banks, meandering trails, 
and secondary access roads. Aquatic habitats should be managed to 
encourage a variety of aquatic plants including waterlilies and 
pondweeds which are utilized by moose (Martin, £t al., 1951). The 
proposed habitat management should provide the remaining food 
species which are preferred by moose. 
A final mitigation technique is directed more toward beaver 
mitigation but would benefit moose as well. The lack of hardwood 
food resources near watercourses limits the successful establishment 
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of new beaver colonies. Part of the mitigation for beaver would 
be to create more hardwood habitats adjacent to streams. If 
beaver respond to new food resources with creation of new beaver 
ponds, the ultimate result would be added aquatic habitat for 
moose. Aquatic food sources may be utilized more by beaver when 
the colony is active, but aquatic foods should become available to 
moose after the beaver are forced to move (due to food shortage) 
and prior to deterioration of the dam. 
4.3.3 Carnivores 
The carnivores considered are the lynx, marten, fisher, bob-
cat, and black bear. All except the fisher and black bear are 
currently being reviewed by the USFWS to determine whether each 
should be accorded threatened or endangered status (USFWS, 1978). 
The lynx has traditionally been considered an inhabitant of 
mature undisturbed forests. Although the proposed habitat manage-
ment should increase snowshoe hare populations, the lynx's princi-
pal food source, changes in the habitats should not benefit the 
population of lynx due to an increased intervention of man. No 
mitigation measures appear possible to increase lynx populations 
on the mitigation area, although lynx appear to be increasing in 
the project area due to current forest management practices 
(Hurley, 1978). Compensation appears to be the only potential 
for this species. The role of the lynx may be absorbed by several 
other carnivores including the bobcat and coyote. 
The bobcat should benefit from the proposed habitat manage-
ment of the mitigation areas. As edge and interspersion are in-
creased on the mitigation area, the normal prey of the bobcat 
would also be increased. The only added mitigation measure would 
be to leave potential denning trees standing wherever they occur. 
The fisher has shown population increases into second-growth 
hardwood forests (Coulter, 1960). Since the management plan will 
increase the amount of second-growth hardwoods, the fisher popu-
lation should increase on the mitigation lands. 
Marten are not expected to benefit from the proposed mitigation 
measures. Apparently, marten are not as adaptable to habitat change 
as are fisher (Dilworth, 1974) However, the recommended limited 
management of deer yard habitats should maintain this species, but 
at lower numbers than currently found on the mitigation lands. 
Black bear are expected to decline on the mitigation lands, 
due primarily to the bear's preference for mature undisturbed and 
continuous forest habitats. The increased diversity of the miti-
gation lands is not expected to greatly benefit bear due to their 
wide ranging habits; however, food supplies should be increased. 
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The greatest benefit to bea;: in terms of mitigation would be to 
reduce the amount of forest roads, especially roads which completely 
encircle habitat areas of limited size (i.e., less than two to five 
square miles of land). Additionally, temporary access roads should 
be allowed to revert to forest cover, and vehicular access should 
not be allowed except when necessary for timber harvesting activi-
ties (i.e., used one year every ten to twenty years) 
4.3.4 Raptors 
This group includes the golden eagle, bald eagle, osprey, 
peregrine falcon, and the Cooper's hawk. 
In general, all terrestrial hunting raptors should be bene-
fited by the anticipated increase in fauna due to the mitigation 
plan. Piscivorous (fish-eating) raptors may also benefit if fishery 
mitigation or compensation leads to large viable populations of 
fish in the proposed Dickey Reservoir. 
Protection of potential nest sites appears to be the only 
additional mitigation measure which would benefit raptors. Two 
of these species, the peregrine falcon and the golden eagle (oc-
casionally), are cliff nesters. For example, Hafey Mountain, 
adjacent to the Limited Access area may contain potential nesting 
habitat. The remaining species nest in trees, preferably in tall 
coniferous trees, such as those found in oldgrowth white pine near 
water. Mitigation includes leaving buffer strips around active 
nest sites as well as limiting all timber harvesting activities 
in the vicinity of cliffs and active nests until the young have 
fledged. Another mitigation measure would be to leave mature 
white pine throughout the mitigation area as potential nesting 
sites. Groves of white pine should also be planted to provide 
future nesting sites. Due to the limited nature of mitigation 
activities in deer yards, mature white pine and other potential 
nesting trees should be encouraged and maintained. Mitigation 
activities on the remaining mitigation lands include intensive 
management, and raptors are not expected to be benefited. How-
ever, if a raptor nest is found, it is recommended that the local 
habitat be maintained as a mature (3A type category) forest with 
very limited selective harvesting allowed during non-nesting 
periods to maintain the type. Artificial nest platforms could be 
created in areas lacking potential nest trees. This technique 
has been successful with osprey. 
Although current Corps of Engineers policy is not to leave 
standing trees within the impoundment area, an effective miti-
gation technique would be to leave a few standing dead trees 
around the shoreline of the lake. These would serve as perches 
for various raptors and other piscivorous species (e.g., kingfisher) 
which feed in the water or along the shoreline. 
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4.3.5 Woodpeckers 
Species of interest include the pileated, northern three-
toed, and black-backed three-toed woodpeckers. All three of these 
birds apparently favor low ground, with the pileated favoring 
hardwood trees for nesting while the three-toed species prefer 
softwood trees or snags. The pileated, which has been reported 
to prefer large tracts of mature timber, presently appears to be 
adapting to more mixed and open stands. The three-toed species 
apparently prefer old burns to any other type of habitat. 
Mitigation for these species includes preservation of exist-
ing and potential nest trees, and enhancement of their food supply. 
Increased food supplies can be achieved by leaving standing snags, 
and by girdling live trees (especially in deer yards) to increase 
the occurrence of wood-boring beetles. Mitigation for beaver and 
for wetlands in general may enhance food supplies for woodpeckers 
through flood-killed trees adjacent to new beaver dams or water 
control structures. Fire-killing small stands of softwood trees 
would also enhance food supplies if carefully controlled. 
4.3.6 Granivorous Passerines 
Included in this group are the pine grosbeak, red crossbill 
and white-winged crossbill. All three are typical of spruce-fir 
forests, and their primary food is coniferous seeds. Mitigation 
includes increasing seed supplies through fertilization. The pine 
grosbeak also prefers blackberries, mountain-ash seeds, and seeds 
of various other woody shrubs and trees. The general mitigation 
plan would enhance food sources for this species. Increasing white 
pine seed sources may benefit the red crossbill. Conifers are 
generally selected for nest sites, and should be available under 
the mitigation plan. 
4.3.7 Spruce Grouse 
Populations of the spruce grouse are expected to decline 
overall on the mitigation lands due to their preferred habitat 
of mature spruce-fir forests. Mitigation measures for the white-
tail deer yards may benefit resident spruce grouse. The dense 
coniferous growth of deer yards should maintain current grouse 
populations, and management of lands adjacent to deer yards may 
benefit grouse in providing more summer foods. Nesting areas 
will probably be limited to deer yards or other areas with simi-
lar habitat. 
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4.3.8 Woodcock 
Presently, the north Maine woods are not preferred habitat of 
this migratory species. The proposed mitigation plan should in-
crease the population of this species. Clearings within mixed 
and hardwood types are preferred singing grounds for this species, 
and populations should utilize the new habitat. Management of 
moist areas for small alder stands should increase food resources 
for woodcock. 
4.3.9 Common Snipe 
Fresh water marshes, alder swamps and bogs are preferred habi-
tats for this species. Mitigation for this species could be ac-
complished by increasing the acreage of its preferred habitats and 
by attempting to improve its food supplies which are primarily 
aquatic insects, crustacea, earthworms and small fish. 
4.3.10 Waterfowl 
Wetland mitigation techniques are intended to benefit various 
species of waterfowl by increasing the available habitat and aquatic 
food resources. Additional mitigation techniques would be to create 
artificial islands close to shore in protected coves for nesting 
of such species as the ring-necked duck. Standing dead snags near 
the shoreline may also be used as nest sites by such species as 
the hooded merganser, common merganser, and wood duck. Instal-
lation of nest boxes in diked areas and in other marshes may in-
crease nesting of these same species. Several ducks, especially 
the wood duck, may benefit if oaks are introduced and maintained 
near water. 
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5. Acreage Required for Mitigation 
The USFWS has recommended that 161,283 acres of specific 
forest types be acquired to mitigate wildlife losses due to the 
project. In addition, up to 25,366 acres of deer yards and a 
buffer area of 6,342 acres surrounding the yards would be neces-
sary to mitigate the whitetail deer loss. Total acreage could 
amount to 192,991 acres. 
We recommend that a total of 89,838 acres of land be acquired, 
of which 17,125 acres are deer yards. This reduced acreage results 
from two separate calculations which are considered appropriate to 
this evaluation. 
5.1 Deer Yard Acreage 
Perhaps the most important faunal organism on the project area 
is the whitetail deer. Special reports on this mammal have been 
prepared by both the MDIFW and the USFWS. Complete replacement of 
all deer lost due to the project is not feasible as the amount of 
deer yard acreage required (120,303 acres) exceeds the amount 
available within the St. John region (74,080 acres where the loss 
would occur). 
The USFWS determined that a total of 25,366 acres of deer 
yards would be required to mitigate losses to the whitetail deer 
resource (USFWS, 1977). Within their analyses, an assumption was 
made that upon inundation, the remaining deer yards would become 
overpopulated. The result would be overbrowsing of food resources 
which would cause a 10% reduction in the acreage of deer yards by 
year 10 (USFWS, 1977). The number of acres of deer yard per deer 
would increase from 11 to 15 acres per deer at year 10 due to 
overbrowsing and would revert to 11 acres per deer by year 30. 
In total, a 34% reduction in the deer herd has been postulated by 
the USFWS at year 10 of the project with gradual recovery through 
year 100. 
We consider that part of the mitigation plan for whitetail 
deer is to harvest excess deer before overpopulation and over-
browsing result within the deer yards. This approach would main-
tain a stable deer population through year 10 and allow for a 
gradual increase in the deer population through year 100. Both 
analyses result in a deer yard carrying capacity of 7 acres per 
deer at year 100 without mitigation practices implemented. 
We propose a different approach to mitigation for the white-
tail deer resource which involves replacement of the harvestable 
crop of deer estimated to be required by the projected hunter 
demand. A few of these calculations follow recommendations of the 
USFWS (1977). Some computations are the result of information 
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from various other Dickey-Lincoln studies, and the remaining calcu-
lations are based upon predicted utilization of the deer resource 
in the St. John region. All calculations have been summarized in 
Table 5-1 but require further discussion. Based upon available 
information, deer hunters in the St. John region are much more 
successful than the average hunter in WMU 2. Actual values have 
been used throughout this analysis in order to approximate current 
(1975) utilization of the deer resource. Without the project, the 
St. John region is expected to have an annual average autumn popu-
lation of 8,755 deer with an annual average harvest of 791 deer 
(9% of the herd) over the 100-year life of the project (Table 5-1, 
Part A). The overwintering deer herd will average 7,964 deer 
which will require 9.55 acres of deer yard habitat per deer. 
Mitigation must also consider the resource remaining in the 
St. John region upon implementation of the project. The deer 
resource with the project is estimated at 4,562 deer with an annual 
average harvest of 411 deer (Table 5-1, Part B). The overwintering 
deer herd will average 4,151 deer and will require 9.55 acres of 
deer yard habitat per deer. It is assumed that part of the deer 
mitigation plan involving increased harvest rates of deer and 
relaxation of legal restrictions governing deer harvest will be 
effective and no overpopulation will occur on the deer yards re-
maining after pool inundation. 
Mitigation is aimed at maintaining the annual average harvest 
at 791 deer throughout the project life. Two factors are assumed 
as part of mitigation. The first is an increased harvest rate by 
year 10 up to 15% of the deer herd from the current 8.54% harvest. 
The second is deer yard management which will lower the deer yard 
acreage required to support a deer overwinter. It is anticipated 
that a doubling of the deer yard population by year 100 is possi-
ble, and that minimal change will be possible before year 10 due 
to required timber harvesting in the pool area (discussed in 
Section 6). 
Mitigation requires deer yard management on a total of 17,125 
acres in order to replace an annual average of 475 overwintering 
deer in the St. John region (Table 5-1, Part C). This amount of 
mitigation will maintain the deer harvest at an annual average of 
791 deer and comprises complete replacement of the harvested deer 
resource. 
Within the Allagash area, a total of 10,587 acres of deer yards 
are known to occur within two miles of the impoundments. An ad-
ditional 6,538 acres would be located outside of the two-mile zone 
and is expected to be found along the Allagash River within the 
total acreage proposed for mitigation. 
Thus the deer yard acreage required for mitigation of the 
whitetail deer resource is 17,125 acres. 
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5.2 Inclusion of Interspersion Value 
The second area where changes in mitigation acreage are re-
quired is in the evaluation of interspersion. The habitat evalu-
ation procedure (HEP) team did consider inclusion of interspersion 
at one stage of the evaluation procedures. However, due to diffi-
culties in calculating interspersion at year 100, the team deter-
mined that intraspersion was of more value to wildlife and that 
calculating interspersion, although possible, did not contribute 
any added wil.dlife value if intraspersion was considered. 
We consider that both intraspersion and interspersion have 
wildlife value (see discussion in Section 2). Most wildlife species 
will exhibit highest populations in their preferred habitat. The 
presence of "edge" and of adjacent but differing habitat types will 
generally result in increases in wildlife populations. Intrasper-
sion can provide a portion of the "edge" and adjacent habitat bene-
fits but generally in terms of food or shelter requirements. The 
intraspersion units will be of limited size (i.e., if the area is 
too large, it will be called a different habitat type) so popu-
lations which are characteristic of that type should not become 
established due to the limited size of the intraspersion habitats. 
Associated with this discussion is a consideration of home 
range requirements. The habitat evaluation procedures, without 
calculating interspersion, appear to be valid for fauna which in-
habit a single habitat type. The procedures appear to discriminate 
against fauna which require more than a single habitat type, unless 
interspersion is calculated. 
Thus in order to attain maximum faunal populations on the 
mitigation area, it is desirable to intersperse a variety of habi-
tat types within the area and to manage each habitat type to maxi-
mize intraspersion. 
The inclusion of interspersion has been evaluated (based upon 
Figure 4-11) and has resulted in the creation of six major habitat 
types within each 160-acre area. The increase in habitat unit 
value due to interspersion has been determined and results in a 
significant reduction in the acreage required for mitigation (Table 
5-2). 
Individual calculations have been made for each habitat type 
which would be disturbed either by the impoundment or the trans-
mission line (Table 5-2) Interspersion has been added to each 
type, but only the increase in interspersion over that which exists 
presently. Two habitat types require further explanation. For 
shallow fresh marsh habitat, a total of 1,661 acres are required 
for mitigation provided that acreage of this type which is lost, 
would not be created within the 913 elevation of the Dickey Pool 
as discussed in the wetland mitigation techniques section (Section 
4-3 
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4.2.2). If any shallow fresh marsh habitats are created within 
th= 913 elevation of Dickey Lake, then a proportionate reduction 
in mitigation acreage of the shallow fresh marsh habitat is ap-
propriate. Since 1,007 acres of shallow fresh marsh habitat would 
be lost, for each acre created within the 913 elevation, a reduction 
of 1.65 acres should be made from the total of 1,661 acres proposed 
for mitigation. A total of 66 permanent streams would enter Dickey 
Lake upon inundation, and if over 15 acres of each stream can be 
managed to a shallow fresh marsh habitat, then the 1,007 acres of 
this habitat that would be inundated would be replaced. 
The bog habitat had been classified as "irreplaceable" due 
to a lack of management potential in this habitat. When inter-
spersion is considered, the bog habitat can be replaced and 137 
acres has been calculated as the mitigation acreage. 
5.3 Recommended Mitigation and Compensation Acreage 
The combination of factors discussed above reduce the acreage 
required for mitigation and compensation to the following: 
The USFWS had considered that the deer yard acreage could be 
a portion of or totally included within the habitat evaluation 
acreage. We consider that a majority of the deer yard acreage 
should not be included but should be added to the habitat evalu-
ation acreage and located entirely within the total mitigation 
area. Deer yarq management is not expected to significantly in-
crease the value of deer yards for other faunal organisms. How-
ever, some benefit will be derived, particularly for those species 
(e.g., spruce grouse and marten) which are typical of mature spruce-
fir forests. Thus a portion of the mitigation acreage should be 
reduced due to the added benefits derived for other species within 
the deer yard acreage. The habitat evaluation procedure (HEP) 
team did not assess the value of deer yards under deer yard miti-
gation practices, thus no habitat unit value is available for 
accurately determining added benefits due to deer yard management. 
A conservative estimate of a 10% increase in habitat unit value 
under deer yard mitigation practices is considered equitable. 
Thus approximately 10% of the deer yard acreage (1,712 acres) 
should be deducted from the habitat evaluation acreage. An esti-
mated 89,838 acres of land is considered sufficient to mitigate 
and compensate for wildlife losses due to the Dickey-Lincoln School 
Lakes Project. 
Deer yard acreage 
Habitat evaluation acreage 
17,125 acres 
74,425 acres 
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6. Schedule for Mitigation Implementation 
The USFWS has assumed that wildlife mitigation measures would 
be initiated the same year that construction of the project is 
initiated. Since timber harvesting is proposed as the major wild-
life mitigation technique, we anticipate that timber harvesting 
activities on the inundation acreage would interfere with miti-
gation plans. 
Analysis of the proposed rate of cut illustrates this problem. 
Mitigation will require harvesting 0.59 cords/acre/year on 89,838 
acres. Inundation will require harvesting of 19.7 cords/acre on 
a total of 54,400 acres (USCE, 1977). Current harvest rates are 
0.31 cords/acre/year (ERT, 1977). 
Pool clearing will require timber harvesting at a rate which 
is 6.35 times as fast as the current rate of harvest. Theoreti-
cally, in order to maintain the current rate of timber harvesting, 
all harvest activities which are presently occurring on 345,700 
acres of land would have to be curtailed and harvesting operations 
transferred to the impoundment area. For each year of cutting in 
the impoundment, a total of 107,168 cords of wood would be harvest-
ed. If wildlife mitigation occurs concurrently with pool clearing, 
an additional 53,000 cords of wood must be harvested per year. 
This represents an increase of about 50% in the volume harvested. 
It is our opinion that attempting to perform both pool clear-
ing and mitigation during the first 10 years of the project would 
create severe problems for marketing the timber which is harvested 
(ERT, 1977; E. C. Jordon, 1977). 
We propose that timber from the pool area be harvested during 
the first 8-10 years of the project in order to prevent flooding 
the timber market with resultant economic difficulties. Mitigation 
should be initiated upon completion of timber harvesting within 
the pool area. Thus an 8-10 year delay in implementation of miti-
gation is anticipated. Mitigation should continue for a period of 
100 years. 
Certain aspects of the mitigation plan can be initiated at 
year 0 for the project. Specific research projects and preparation 
for mitigation work can be initiated including: 
• clearcutting deer yards in one valley to determine whether 
deer will create and utilize new yards; 
• specific studies initiated to determine the status of 
lynx, bobcat, and marten within the project area and 
the mitigation area; 
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population studies o£ all fauna undertaken to determine 
current populations and trends both on the project area 
and the mitigation area; 
construction of the office space and associated buildings 
for mitigation purposes can be initiated; 
purchase all equipment and materials necessary for the 
mitigation plan; 
hire personnel required for management of the mitigation 
plan; 
develop the management plan for the mitigation area (e.g., 
a five-year management plan). 
7. Personnel Requirements for the Mitigation Plan 
Personnel are necessary to design, construct, and manage the 
mitigation plan as conceived in this report. A management team of 
twelve personnel is envisioned as necessary to perform the field 
and office work required by this plan. These personnel are de-
scribed as follows: 
1. Manager - this person would be the administrator of the 
entire mitigation plan and should be a dual-degreed 
individual at the Master of Science level of training. 
This person should have degrees in both forestry and 
wildlife, preferably with a B.S. in forestry an an M.S. 
in wildlife management. This person should also have 
5-10 years of experience as a wildlife biologist with 
experience in northern coniferous forests. This person 
also needs managerial experience and must have the abili-
ty to make difficult decisions. 
2. Wildlife biologist - this person would be responsible for 
the majority of research activities required on the 
project The position requires a person with an M.S. 
degree in wildlife biology and his/her specialty should 
complement the specialty of the manager. For example, 
if the manager has experience with mammals, the wildlife 
biologist should be experienced in avifauna. A total 
of 1-2 years experience as a wildlife biologist would 
be desirable for this position. 
3. Forester - the forester would be responsible for 'all 
timber harvesting activities on the mitigation lands and 
for contract administration of all forestry related 
activities. This person can be either at the M.S. level 
with two or more years experience in logging engineering 
and forest management. It is important for this person 
to understand harvesting practices as well as regener-
ation methodology. Knowledge of road construction and 
techniques to control erosion would be a definite asset 
in this position. Knowledge of soil testing procedures 
would be necessary. 
4. Forestry technicians - a total of six technicians would 
be required to assist the forester in all forestry re-
lated activities. These positions would essentially in-
volve field work in marking boundaries of clearcut areas 
and marking individual trees in selection cuts. As-
sistance in locating roads and culverts would also be 
required as well as timber sale inspection duties. These 
persons should have a forestry technician degree and would 
report to the forester. 
4-75 
5. Equipment operators - farm experience is a requirement 
for these two positions as they would be responsible for 
establishment of food plots (e.g., clover, winter rye) 
and for non-forestry related activities which involve 
construction equipment. The ability to repair equipment 
and carpentry experience would also be beneficial. 
6. Secretary - a full-time secretary would be necessary as 
a member of the mitigation team. This person would 
conduct the required paperwork for this project. 
These positions would be required continuously throughout the 
duration of the project which is 100 years, although in later years, 
a reduced number of forest technicians may be practical. 
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8. Responsible Agency Analysis. 
Several alternative agencies could perform the wildlife manage-
ment activities anticipated for the mitigation area. The agencies 
are: 
• Corps of Engineers 
• U.S. Fish and Wildlife Service 
• Maine Department of Inland Fisheries and Wildlife 
A fourth possibility would be to subcontract the wildlife 
management activities to a responsible group or firm with proper 
capabilities (e.g., land management companies). 
Several parameters were evaluated in examining which of these 
four possibilities would be the optimum managers for the mitigation 
lands. 
8.1 Personnel 
The availability of qualified forest and wildlife management 
expertise and personnel is important to the credibility of the 
group which would manage the land. It is recognized that personnel 
from any agency are currently committed to other work within that 
agency, and new personnel would have to be hired to work on the 
mitigation land work. The USFWS would appear to have the largest 
pool of qualified personnel from which to select the needed pro-
fessionals. The State of Maine (MDIFW) is thought to have the 
second largest group of wildlife personnel available for consider-
ation. The Corps of Engineers does have wildlife personnel on its 
staff throughout the United States, but the number is limited and 
their job responsibilities are usually not in actual wildlife 
management activities but more related to impact analysis and EIS 
preparation. Most land management companies are based upon forest 
harvesting activities. Although forestry expertise may be availa-
ble, these companies are generally lacking in wildlife management 
expertise. One notable exception is the shooting preserve managed 
and operated by Winchester-Western, Olin in Illinois (Kozicky and 
Madson, 1966). 
8.2 Knowledge of Maine 
Specific knowledge of Maine's wildlife and management practices 
are an important aid in implementing the optimum program to mitigate 
and compensate for wildlife lost to the project. The MDIFW under-
standably has the best and most specific information on Maine wild-
life The USFWS probably has the next best understanding of Maine's 
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wildlife. It is expected that the lack of wildlife expertise in 
land mangement companies would place this group at the worst disad-
vantage of any of the groups. 
8.3 Cost 
!
 Specific costs have not been requested from each agency under 
consideration. However, in general terms, the MDIFW should have 
the lowest wages of any of the agencies. 
Both the USFWS and the Corps of Engineers would hire personnel 
under civil service requirements and pay scales. Thus the person-
nel cost should be the same. However, the Corps of Engineers may 
have to add personnel to manage an essentially new area of work 
(i.e., mitigation management); therefore, costs are considered to 
be higher than for the USFWS. The land management company is 
considered to be a private company which is not a non-profit insti-
tution. Management company costs are considered to be the highest 
of the four alternatives. 
8.4 Regulatory Authority 
Regulatory authority over the wildlife of Maine rests with 
two agencies: the MDIFW controls most of the game and non-game 
species while the USFWS controls regulations for migratory birds. 
The Corps of Engineers has no authority over wildlife but can 
regulate activities on certain lands for which it would be responsi-
ble (i.e., the land area between the reservoir water level and the 
take line). Land management companies would not have any regu-
latory authority. 
8.5 Discussion 
Each of these parameters has been ranked in Table 8-1. From 
this analysis, it appears that the MDIFW would be the logical and 
optimal choice as the agency to administer the mitigation lands 
and practices. The USFWS is a close second choice should Maine 
choose not to perform the mitigation management. Current indi-
cations are that the MDIFW would manage the mitigation lands. 
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9. Costs Associated with the Mitigation Plan 
Exact costs are difficult to estimate for the practices re-
quired by this mitigation plan. However, estimates have been made 
for several categories of expenses, including personnel, facilities, 
capital equipment, research activities, operating costs, road con-
struction, and income associated with marketing of the harvested 
timber and wildlife products. 
9.1 Personnel Salaries 
The combination of personnel which are required to conduct 
the work required by this mitigation plan is estimated at a cost 
of $173,000 per year. 
9.2 Facilities 
An office building and a maintenance shop are necessary to 
conduct the mitigation work. Two buildings of approximately 
AO X 60 feet are deemed adequate for all personnel and equipment 
required on this project. Estimated costs for these structures 
are $300,000 every 50 years. Location of these buildings should 
be in the nearest town to the center of the mitigation lands. 
Land acquisition for this work center is estimated at $5,000. 
9.3 Capital Equipment 
Included in this category is office equipment as well as 
machinery to conduct required management activities. Such ma-
chinery includes a farm tractor, small caterpiller tractor with 
KG blade and standard blade, sowing machine, spray equipment, and 
plows, harrows, and disks. Estimated investment in this equipment 
is $200,000 every 10 years. 
9.4 Research Activities 
Since the mitigation area would be managed by the MDIFW as 
proposed in Section 8, some of the research activities can be 
conducted with Pittman-Robertson funds. It is believed that infor-
mation obtained in research investigations on the Dickey-Lincoln 
School Lakes mitigation area would have application in managing 
similar lands in Maine. Thus funding for P-R studies would not be 
borne by the Corps of Engineers but would be incorporated into the 
research objectives currently being investigated by the MDIFW. 
Studies specific to the mitigation lands are deemed proper, and 
an estimated cost of $10,000 per year is included in the mitigation 
costs. 
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9.5 Operating Costs 
Included here are office and field supplies and materials, 
expendable equipment, and depreciation costs of all capital equip-
ment. Costs are estimated at $40,000 per year. 
9.6 Road Construction Costs 
The existing private road system in the Allagash area would 
be disrupted by inundation. The Corps of Engineers would pay the 
landowner for costs of reconstruction of roads and bridges. How-
ever, the mitigation plan would require a more extensive system 
of roads than currently exists on the area. Estimates of new 
road requirements are in the range of a three- to four-fold in-
crease in the road system. It is anticipated that a portion of 
these roads can be constructed as part of the timber harvesting 
planned for the area. Estimated road requirements for mitigation 
are in the range of 300 to 440 miles of road based upon 89,838 
acres of land with a road every 1/2 to 1/3 mile throughout the 
area. Existing road mileage in the area is estimated at 92 miles 
as of 1975. Roads which will be inundated or cut off amount to 
9 miles. Thus a total of 200 to 340 miles of new roads would be 
required for implementation of the mitigation plan. This system 
of roads will generally be required within the first five years 
of mitigation. Construction costs of roads range from $15,000 to 
18,000 per mile exclusive of bridges (Swenson, 1976). Total cost 
for 270 miles of required new roads is estimated at $4,455,000 for 
the entire project. 
Maintenance costs for roads average $0.03 to 0.04 per MBF per 
mile per year (Swenson, 1976). Estimated timber harvested would 
be 53,000 cords per year from the 89,838 acres of mitigation land. 
A direct conversion from cords to MBF is not possible, but an 
estimate has been derived by conversion to cubic feet (Ferguson 
and Kingsley, 1972). Based upon these variables, an estimate of 
$30,000 per year would be required for maintenance. 
9.7 Income Generating Activities 
Two sources of income are proposed to help defray the costs 
of management on the mitigation lands. The major source of income 
would be from harvest of timber resources on the mitigation lands. 
We estimate that 0.59 cords/acre/year of pulpwood and sawlog 
material would be available for commercial purposes. If the 
planned timber harvest is sold as stumpage, estimated values are 
$25/MBF for spruce logs and $7.50 per cord for spruce-fir pulpwood 
(E. C. Jordon, 1977). The minimum income can be estimated in terms 
of pulpwood production; sawlog production would increase income 
due to its higher product value. Based on 89,838 acres of land 
and the estimated harvest rate and cordwood value, a total of 
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$397,500 would be available per year from the harvest of timber. 
However, it is anticipated that the requirements for harvesting 
small areas of approximately 20 acres in size and the dispersed 
nature of cuts throughout the mitigation lands will require ad-
ditional costs for harvesting. An estimate of 25% in increased 
costs is assumed, thereby reducing the income to approximately 
$298,000 per year. 
In addition, we propose that a mitigation lands permit be 
required for public use of the areas facilities and wildlife re-
sources. A nominal fee of approximately $2 per day is judged 
appropriate for use of the mitigation lands. Extent of current 
use is judged to be approximately 4,000 visitor-days annually, 
based upon the 1975 use of 2.5 million acres of the North Maine 
Woods by 97,590 visitor-days (NMRPC, 1977). Annual income gener-
ated by this use is approximately $8,000. We recommend that this 
income be used to maintain a check station on the road leading 
into the mitigation area. The purpose of this check station is 
to monitor use of the area and harvest of the wildlife resources. 
Minimum anticipated annual income for the mitigation area is 
about $306,000. 
Cost Summary 
Annual income (minimum) and costs (in 1977 dollars) are 
summarized below: 
Annualized Costs 
Item 3 1/4% 6 5/8% 
Personnel $173,000 $173,000 
Facilities 2,500 800 
Land 170 330 
Capitol Equipment 17,200 14,700 
Research 10,000 ' 10,000 
Operating Costs 40,000 40,000 
Roads 
Construction 151,000 295,800 
Maintenance 30,000 30,000 
TOTAL COSTS $423,900 $564,600 
Stumpage Income (minimum) 298,000 298,000 
Visitor Use Fee 8,000 8,000 
TOTAL INCOME $306,000 $306,000 
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10. Land Acquisition 
The USFWS has discussed three options for acquiring land 
rights necessary for the mitigation plan. These are: (1) land 
acquisition; (2) land lease; and (3) wildlife rights lease. 
This analysis favors land acquisition as the preferred option. 
Either of the leasing options involves an annual fee which the 
Corps of Engineers would pay in order to obtain access rights to 
the land in addition to the annual costs of implementing tha plan. 
However, if the Corps purchased the land and were able to obtain 
income from timber resources on the land, it appears that a ma-
jority of the annual costs of the mitigation plan would be covered 
by the annual income over the 100-year life of the project. If 
saw timber products are harvested, or if the value of timber and 
pulpwood increases, then all annual costs may be covered by the 
annual income generated on the mitigation lands. 
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12.0 TABLES 
Table 2-1 
Forest and Land Cover Code 
Forest Land Classifications 
Each habitat type map delineates forest associations accord-
ing to species composition, height, and density. For example, 
the type symbol SW3A refers to predominately spruce-fir forest (SW) 
which is greater than 50 feet in height (3) with a crown closure 
of 75-100% (A). Suffix letters are used to indicate additional 
association characteristics as described herein. 
Forest type symbols: 
SW - Conifers, predominately spruce-fir, 75-100% of type. 
HW - Northern hardwoods, sugar maple-beech-yellow birch, 
75-100%. 
SH - Conifer and northern hardwood mixture with 50-75% 
conifers. 
HS - Northern hardwood and conifer mixture with 50-75% 
northern hardwoods. 
PN - White pine covering 75-100%. 
PO - Aspen, including trembling aspen, bigtooth aspen, 
and balsam poplar covering 75-100%. 
WB - White birch covering 75-100% of stand. 
PB - Aspen-birch mixture with aspen predominating. 
BP - Birch-aspen mixture with white birch predominating. 
CS - Northern white cedar swamp covering 75% or more of 
type. 
FS - Abandoned field seeding into softwoods. 
FH - Abandoned field seeding into hardwoods. 
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/ Table 2-2 (Cont'd) 
Height and density of crown closure: 
Height Density (percent crown closure) 
1 - Up to 30 feet 
2 - 31-49 feet 
3 - 5 0 feet and up 
A - 75-100 
B - 31-74 
C - 0-30 
Type Suffixes: 
5 - The suffix "S" indicates wet sites. 
P, B, N - Suffixes referring to predominant species 
component in mixed forest types: Aspen, birch 
and pine, respectively. 
0 - Suffix indicates planted to oak species. 
Nonforest Type Classifications 
Wetlands 
1 - Seasonally flooded basins or flats 
2 - Meadow 
3 - Shallow marsh 
4 - Deep marsh 
6 - Shrub swamp 
7 - Wooded swamp 
8 - Bog 
4110 - River 
4220 - Pond 
Shrub types 
1310 - Alder - dogwood - willow 
1350 - Clearcut, non-stocked with forest regeneration 
Active or Abandoned Agriculture 
2100 - Active agricultural land 
2110 - Tilled land 
2120 - Field 
2200 - Abandoned field reverting to conifers 
2210 - Abandoned field reverting to hardwoods 
2250 - Abandoned field reverting to mixed growth 
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/ Table 2-1 (Cont'd) 
Barren Land 
5210 - Cleared land 
5230 - Sand or gravel pits 
Urban 
6110 - Low density buildings 
6200 - Pavements and transportation facilities 
"'"Sources: Three sources have been used to classify habitat types: 
Land Cover Coding Manual, Maine State Planning Office, 1975. 
Forest Land Classification System for the State of Maine (Midas 
System). Manual for Maine Wetlands Inventory, Maine Department 
of Inland Fisheries and Game, December, 1972. 
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Table 89-1 
Habitat Type Percentages Within 
Each of the Areas Considered for Mitigation 
Habitat Type Limited 
Access 
Area
1 
Allagash 
Area
2 
Baxter 
Area
2 
Impound-
ment 
Area
1 
Spruce-fir 
Hardwood 
Aspen-Birch 
Nonforest 
Sum of absolute 
differences from 
the impoundment 
area 
X
2
 Statistic 
76.7% 
20.3% 
2.2% 
0.8% 
70.0% 
28.6% 
1.4% 
0 % 
30.5% 47.1% 
57.08 **
3
 125.25 ** 
79.8% 
13.8% 
6.4' 
79.9% 
5.0% 
4.5% 
10.5% 
17.5% 
21.59 ** 
^ a s e d on aerial photointerpretation by ERT (1977). 
2
Based upon Ferguson and Kingsley (1972). 
3** = significant at .01 probability level. 
i 
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Table 12-1 
Volume Per Acre Within Each Area 
Considered for Mitigation
1 
Aroostook County Piscataquis County 
Item 
Limited 
Access 
Area 
A1 lagash 
Area 
Baxter 
Area 
Commercial Forest 
Acreage 
(thousands of acres) 
Sawtimber 
Poletimber 
Seedling/Sapling 
TOTAL acreage 
1788.8 
1000.4 
957.1 
3746.3 
997.1 
754.5 
426.6 
2178.2 
Net Volume (million 
cubic feet) 
Sawtimber 
Poletimber 
TOTAL growing stock 
Volume per acre (cubic 
feet/acre) 
Sawtimber 
Poletimber 
TOTAL growing stock 
2429.9 
2829.1 
5259.0 
648.6 (46.2%) 
755.2 (53.8%) 
1403.8 
1433.3 
1965.1 
3398.4 
658.0 (42.2%) 
902.2 (57.8%) 
1560.2 
S o u r c e is Ferguson and Kingsley (1972) 
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Table 91-1 
Timber Growth and Removal of Growing Stock 
for Each County Considered for Mitigation
1 
Item 
Commercial Forest Acreage 
(thousand acres) 
Aroostook County 
3,746.3 
Piscataquis County 
2,178.2 
Annual net growth 
(thousand cubic feet) 
Softwood 
Hardwood 
TOTAL 
122,198 
27,058 
149,256 
77,449 
16,132 
93,581 
Annual net growth/acre 
(cubic feet/acre) 
Softwood 
Hardwood 
TOTAL 
32.62 
7.22 
39.84 
(81.9%) 
(18.1%) 
35.56 (82.8%) 
7.41 (17.2%) 
42.96 
Annual Timber Removal 
(thousand cubic feet) 
Softwood 
Hardwood 
TOTAL 
51,723 
8,547 
60,270 
18,637 
14,694 
33,331 
Annual Timber Removal/acre 
(cubic feet/acre) 
Softwood 
Hardwood 
TOTAL 
13.81 (85.8%) 
2.28 (14.2%) 
16.09 
8.56 (56.0%) 
6.75 (44.0%) 
15.30 
Removal/Growth (%) 
Softwood 
Hardwood 
TOTAL 
42.3% 
31.6% 
40.4% 
24.1% 
91.1% 
35.6% 
1
 Source is Ferguson and Kingsley (1972). 
12-16 
Table 92-1 
Timber Size Class Analysis of the 
Limited Access Area and the Two-Mile Limit Area 
Size Class Limited Access Two-Mile Limit 
by Type Area 
Softwood (acres) 
3 75,017 111,204 
2 31,607 39,777 
1 5,579 3,821 
Total 112,203 154,802 
Hardwood (acres) 
3 20,201 38,516 
2 397 1,008 
1 45 183 
Total 20,642 39,707 
Softwood (%) 
3 66.9 71.8 
2 28.2 25.7 
1 5.0 2.5 
Hardwood (%) 
3 97.9 97.0 
2 1.9 2.5 
1 0.2 0.5 
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Table 93-1 
Acreage of Deer Yards for Each 
Area Considered for Mitigation 
Area Acres of Deer Yards 
Limited Access
1
 18,751 
Allagash
2
 10,587 
Baxter
3
 12,310 
*Dot grid estimate for the entire area. 
2 
Dot grid estimate for only that portion of the Allagash area within 
two miles of the St. John River. 
3
Based upon LURC acreages obtained from the MDIFW (1978) 
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Table 94-1 
Ranking of Parameters Evaluated on 
Each Area Considered for Mitigation 
Parameter Evaluated 
Limited 
Access 
Area 
Allagash 
Area 
Baxter 
Area 
1. Location 1 2 3 
2. Accessibility 3 2 1 
3. Land Restrictions 1 3 2 
4. Habitat Types 2 3 1 
5. Forest maturity 2 1 3 
6. Poaching 3 2 1 
7. Deer Yard Potential 3 2 1 
TOTAL 15 15 12 
X
2 l
2
 l
2
 2
2 
Statistic X4
+
 14
 +
 14 
6 
14 
0.43 ns 
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Table 95-1 
Weighted Ranking of Parameters Evaluated 
on Each Area Considered for Mitigation 
Parameter 
Evaluated 
Weighting 
Factor 
Limited 
Access 
Area 
Allagash 
Area 
Baxter 
Area 
1. Location 1 1 2 3 
2. Accessibility 2 6 4 2 
3. Land Restrictions 3 3 9 6 
4. Habitat Types 3 6 9 3 
5. Forest Maturity 2 4 2 6 
6. Poaching 1 3 2 1 
7. Deer yard potential 3 9 6 3 
TOTAL 32 34 24 
X
2 2
2
 4
2
 6
2 
30
 +
 30
 +
 30 
56 
30 
1.87 ns 
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Table 96-1 
Change in Forest Stands During the 
First Ten Years of Mitigation Management 
Item 
Year 0 Year 10 
(%) (%) 
Age Composition 
1 1.6 12.2 
2 13.4 51.4 
3 84.7 36.2 
Other 0.3 0.3 
TOTAL 100.0 100.1 
Density Composition 
A 95.5 51.6 
B 4.2 45.9 
C 0.0 2.2 
Other 0.3 0.3 
TOTAL 100.0 100.0 
Species Composition 
SW-M 53.4 45.7 
SW-R 0.5 6.9 
SH-M 22.1 16.1 
HS-M 6.3 11.2 
HW-M 16.3 11.2 
HW-R 1.1 4.2 
PB-A11 0.0 4.5 
Wetland 0.3 0.3 
TOTAL 100.0 100.1 
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Table 97-1 
Calculation of the Rate of Timber Harvest 
on the Mitigation Lands (Based on a 
1,000-acre unit of land and Table 4-1) 
Harvest 
Practice Action 
Selection Percent of land converted 
from Age 3 to Age 2 
Clearcut Percent of land converted 
from Age 3 to Age 1 
Selection Acres converted from 
Age 3 to Age 2 
Clearcut Acres converted from 
Age 3 to Age 1 
Selection Cords harvested from 
Age 3 to Age 2 
Clearcut Cords harvested from 
Age 3 to Age 1 
All Total cords harvested 
All Estimated growth rate 
Amount 
38.0% 
10 .6% 
380 acres 
106 acres 
1.0 cord/acre/year 
1.97 cords/acre/year 
0.59 cords/acre/year 
0.66 to 0.80 cords/acre/year 
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Table 5-1 
Determination of Acreage Required 
to Mitigate Deer Harvest 
Annual 
ITEM Year 0 Year 10 Year 30 Year 100 
a
Average 
A. Future without Project 
1) Deer yard acreage 74,080 74,080 74,080 74,080 74,080 
2) Acres per deer (autumn) 11 11 9 7 8.70 
3) Deer population (autumn) 6,735 6,735 8,231 10,583 8,755 
4) Predicted deer harvest 575 600 700 1,020 791 
5) Deer population (overwinter) 6,160 6,135 7,531 9,563 7,964 
6) Acres per deer (overwinter) 12. 03 12. 07 9. 84 7 75 9. 55 
7) Predicted deer harvest (percent) 8. 54 8. 91 8. 50 9 .64 8.96 
B. Future with Project 
1) Deer yard acreage 74,080 37,187 37,187 37,187 39,032 
2) Acres per deer (overwinter) 12. 03 12. 07 9. 84 7 .75 9.55 
3) Deer population (overwinter) 6,160 3,080 3,781 4,800 4,151 
C. Mitigation of Hunter Demand 
1) Estimated hunter demand (person-days) 8,300 9,200 11,200 22,450 14,693 
2) Desired deer harvest (number) 575 600 700 1,020 791 
3) Desired deer harvest (percent) 8. 54 15. 00 15. 00 15 .00 14.68 
4) Required deer population (autumn) 6,735 4,000 4,667 6,800 5,417 
5) Required deer population (overwinter) 6,160 3,400 3,967 5,780 4,626 
6) Deer to be mitigated (overwinter) 0 320 186 980 475 
71 Acres/deer to be mitigated (overwinter) 12. 03 11 0 7. 5 5 .5 7. 55 
8) Acres required for mitigation _ — 17,125 
Table 12-1 
Acreage Required for Mitigation of 
Wildlife Losses Due to Implementation of the 
Dickey-Lincoln School Lakes Project (Includes 
Transmission Line Corridor). 
Habitat Type 
SW-M 
SW-R 
SH-M 
HS-M 
H-M 
H-R 
PB-A11 
SF Marsh 
Bog 
Pine-Hem-Mature 
Regen Field 
TOTAL 
Acreage Required for 
Mitigation 
(acres) 
46,593 
1,689 
11,276 
7,004 
3,515 
1,429 
1,295 
1,661 
137 
5 
-179 
74,425 
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Table 8-1 
Ranking of Parameters Used to 
Determine the Responsible Agency 
Parameter 
Corps 
of 
Engineers 
USFWS MDIFW 
Land 
Management 
Company 
Personnel 3 1 2 4 
Knowledge 
of 
Maine 
3 2 1 4 
Cost 3 2 1 4 
Regulatory 
Authority 
3 2 1 4 
TOTAL 
... . 
12 7 5 16 
X
2
 = 7.40 (.90 < Pr < .95) 
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in three par t s : 
Part I A HISTORY OF THE FIELD BOTANY OF THE AREA. Page 1 
Part I I A SEARCH FOR HERBARIUM SPECIMENS. Page 19 
Part I I I FIELD SURVEYS FOR THE SEASON 1977 Page 30 
t 
I 
Part I A HISTORY OF THE FIELD BOTANY OF NORTHERN MAINE AND 
NORTHERN NEW BRUNSWICK WITH PARTICULAR REFERENCE TO 
PEDICULARIS FURBISHIAE AND OTHER RARE PLANTS. 
The purpose of studying the f i e l d botany of the area i s 
to determine what areas of Northern Maine and Northern New Bruns-
• 
wick have been v i s i t e d and studied by botanists and others and to 
/ 
determine whether the plants Pedicular is Furbishiae, Carex Josse-
l y n i i and Astragalus Blakei have been found away from tt^e main 
stem of the Upper St . John R iver . 
By Northern Maine and Northern New Brunswick i s meant 
a l l areas of each roughly north of the f o r t y - s i x t h p a r a l l e l of 
l a t i t ude (1|6°N). This pa ra l l e l i s north of Mount Katahdin and 
just south of Houlton in Maine. I t i s just south of Woodstock 
and Moncton and just north of Fredericton in New Brunswick. 
Most re ferences contain l i s t s of plants encountered 
during the expedi t ions. There i s l i t t l e use in repeating long 
l i s t s o f p lants . The present author has gone over the l i s t s care-
f u l l y and where he considers the plant might be of par t i cu lar use 
in our study i t has been given in the report of that par t icu lar 
t r i p . 
The names of the plants when used are those given by 
the o r i g i na l author. No attempt has been made to translate the 
names in to modern nomenclature. 
The i d e n t i f i c a t i o n and discussion of each t r i p have 
been arranged in chronological order in th is repor t . I f we omit 
Josselyn 1672, and Young of Bangor f o r 181*3 and 18I|8, our e a r l i e s t 
re f e rence i s that of George L . Goodale in 1861. 
George L. Goodale (1861, 1862) and his party in 1861 ascended 
the East Branch of the Penobscot River and then descended the 
Al lagash R iver . At Long Lake they portaged to Seven Islands 
in the St . John R iver . They attempted to ascend the St. John 
but changed the i r minds and descended i t past Dickey, Al lagash, 
Fort Francis, Fort Kent, Van Buren and south as f a r as Wood-
stock, N.B. 
On the second ' ;r ip in 1862 Goodale and his party v i s i t e d appro-
i 
ximately the same area as in 1861 but went down the St . Johh 
only to Al lagash. 
From his botanical explorat ions Goodale was able to dist inguish 
two we l l marked f l o r a l areas in Aroostook County. The most 
northern one along the Allagash and Upper St. John Rivers he 
ca l l ed the St. John D i s t r i c t and the one below, the Aroostook 
D i s t r i c t . The l a t t e r D i s t r i c t did not go as f a r south as 
Mount Katahdin. Typical plants of the St. John D i s t r i c t were 
Anemone mu l t i f i da , Astrap.alus alpinus, A. robb ins i i , Solidago 
vlrp.aurea, Artemisia borea l ia , A. canadensis, Tanacetum huro-
nensis, Hedysarum boreale , Primula mistasslnica, T o f i e l d i a 
i 
plut inosa. I 
There i s no mention of Pedicular is Furbishiae, Carex Josse lyni i 
or Astragalus Blakei although when on the main stem of the St. 
John River between Allagash and Van Buren he was in the t e r r i -
tory in which they have since been recognised. 
Professor L. W. Bai ley (1861^) made a t r i p across New Brunswick 
in 1863. He t r a ve l l ed from the St . John River at Andover up 
the Tobique R iver , L i t t l e Tobique River and then descended the 
s 
H© studied the geology and botany of the area traversed and 
apparently published some of his resu l ts of the t r i p in 186i+.\ 
The present author has not had an opportunity to see his 
pub l i ca t ion . 
3. Miss Kate Furbish (1881) spent the summer of 1880 paint ing 
i 
f l owers and c o l l e c t i n g specimens of them. She was in ' 
I 
Aroostook County, Maine, between July 6 and about September 
15. She started at Fort F a i r f i e l d then^to Caribou, Presc^ue 
. \ 
I s l e , Sweden, Van Buren, Fort Kent and Frenchv i l l e . 
At Fort F a i r f i e l d she reported a number of plants a few of 
which might be of i n t e r e s t . T o f i e l d i a ^lutinosa, Allium 
schoenoprasum, Parnassia caro l in iana, Cast i l le . ja pa l l i da , 1  
Anemone pennsylvanica, Tanacetum huronense, Hedysarum boreale 
and Astragalus alpinum. 
She does not mention c o l l e c t i n g Pedicular !s Furbishiae and the 
l abe l on specimen number 1|5 of our l i s t (Part I I ) g i v ing i t s 
l o ca t i on at Fort F a i r f i e l d must be an e r ro r . 
At Van Buren, she did f ind the plant which two years l a t e r was 
named a f t e r her. She recognised the plant as new to her because 
she wrote, "Ped icu lar is N. Sp? on St . John River where water 
t r i c k l e d down i t s s i d e s . " 
In 1881 Miss Furbish (1882) took another t r i p to Aroostook 
Cpunty. This time she l e f t Orono on June 6 and t r ave l l ed to 
Mattawamkeag, Patten, Ashland, Eagle Lake, Fort Kent, St. Francis 
and Eoulton. She does not mention being in Fort F a i r f i e l d . 
She limits any re fe rence to Pedicular is Furbishiae although we 
know now from specimens that she co l l ec t ed i t at Fort Kent. 
. 4 
Mr. J. E. Wetmore (1882) was a student of Dr. James Fowler, 
New Brunswick's f i r s t botanis t . He l i v ed at Andover, N.B., 
and was interes ted in studying the plants of his area. He 
co l l e c t ed a la rge number of specimens but unfortunately he 
did not publish and his records are scattered in various 
l i s t s of plants too d i f f i c u l t to extract without a great deal 
of t ime. 
We know he co l l e c t ed at Andover, Aroostook Junction and Salmon 
i 
River (V i c to r i a County). 
v 
He found Pedlcular ls Furbi3hlae on the Upper St. John Riveb 
probably at Andover in August 1882 (our L i s t of specimens jaumber 
32 ) . 
Geo U. Hay (1883) and his party made two ear ly botanizing 
t r i ps on the Upper St. John and Madawaska Rivers . One in 
1879 and the other in 1882. 
In 1879 they ascended the St . John River , s ta r t ing at Andover, 
and went to the mouth of the St. Francis River - up the St . 
Francis to Beau Lake. From Beau Lake they v i s i t e d severa l 
I 
areas in adjacent Quebec Province. They then descended thp 
St . Francis including Glaz ie r Lake, to i t s mouth on the St . 
John. They t r a v e l l ed eastward along the St . John v i s i t i n g Fort 
Kent and St . H i l a i r e . From here they made a side t r i p to Baker 
Lake returning to the St . John River then continued down the 
r i v e r to Edmundston, mouth of Madawaska R iver , Grand Fa l l s and 
Andover- From Andover they took other side t r ips to Tobique 
Narrows at the mouth of the Tobique River and to Aroostook 
Fa l l s on the Aroostook R iver . 
5 
In '1879 Hay and his party a lso v i s i t e d Lake Temiscouata in 
Quebec by ascending the Madawaska River from the Upper St . 
John R ive r . 
In 1882 Hay again v i s i t e d the Upper St . John River but g ives 
no d e t a i l s on the t r i p . Apparently, on this t r i p they did not 
again ascend the St . Francis R iver . 
Most of the plants he l i s t s f o r these t r ips are not of in te res t 
to us. He does mention a few that Dr. Charles Richards of 
the Univers i ty of Maine found in his survey of the Upper St . 
John in 1976 and a few that are unique f o r the area. 
Vacclnlum caespitosum he found at Lake Temiscouata and on 
the St . Francis R iver . Tanacetum huronense, Astragalus 
alpinus f Oxytropis campestris were found on the St . John as 
f a r south as Grand Fa l l s . T o f i e l d i a glutinosa was found as 
f a r south as mouth of Tobique R iver . On ledges of ca lc i f e rous 
s l a t es he repor ts : Anemone mul t i f ida and An. v i rg in iana. He 
was unable to f ind Anemone pa r v i f l o r a which Goodale had des-
cribed as abundant during his t r i p down the St . John in 1861. 
Near St . H i l a i r e , he reported C a s t i l l e j a pa l l i da , Allium 
schoenoprasum, Prunus pumila and Smilax herbacea. At Grand 
Fa l l s on July 18, 1899, he co l l ec ted Pedicular is Furbishiae 
(Specimen number 33 of our l i s t in Part I I ) . In a l i s t of 
plants on page t h i r t y - f i v e he reports i t as new to the f l o r a 
o f New Brunswick, s ta t ing i t had been co l l ec ted on Upper St . 
John by himself and Wetmore (August 1882). 
At the mouth of the Tobique River , Hay found Shepherdia 
canadensis, while at Aroostook Fa l ls he discovered Polygala 
Senega. Blitum capitatum and Woodsia g l abe l l a . 
<c 
6. J. Vroom (1881+) l i v e d in St . Stephen, N.B., and was an ac t i ve 
member of the botanical group within the Natural History 
Soc ie ty of New Brunswick f o r many years. He co l l ec t ed at 
many l o c a l i t i e s in the Province but l e f t no concise records, 
except those attached to his specimens. He co l l ec t ed at 
Campbellton at the mouth of the Restigouche in I899. 
In 1 88I4. he co l l ec t ed three specimens of Pedicular is Fur-
bishiae on the Aroostook River banks in New Brunswick. 
7. Geo U. Hay (1885) the botanist and R. Chalmers the geo log i s t 
explored the Tobique River , N.B., in July and August I88I4.. 
They ascended the Tobique River to the source of the L i t t l e 
Tobique River - Lake Nictau. They took side t r i ps to Bald 
Mountain at Nictau Lake and Blue Mountain below the Forks 
of the Tobique. 
They a lso v i s i t e d the mouth of Salmon River , V i c to r i a County, 
but how they journeyed there i s not c l ea r . 
The l i s t of plants from th is expedit ion has been examined 
in Fowler 's Prel iminary L i s t of Plants f o r New Brunswick 
^(1885) and none of them appear to be of in t e res t to us in 
the present survey 
8. Mr. John Br i t t a in (1889) and Dr- Ph i l i p Cox made a short t r i p 
by canoe down the Restigouche River in July 1888. This was 
the f i r s t v i s i t by botanists to the area. They found several 
new plants f o r the Province and several that are rare . 
Anemone p a r v i f l o r a , Astragalus oroboides, Carex concinna, ' 
a lp ina, Pingulcula vu lgar i s , Aspidium fragans and Voodsia 
i 1 
Dr. M. L. Fernald (1896) read a paper by t i t l e to the Natural 
Hi s tory Soc ie ty of New Brunswick at the i r meeting on June $ t 
I89IJ., e n t i t l e d , "Notes on the Botany of the Val ley of Upper St. 
John R i v e r . " The paper apparently r e f e r red to his botanizing 
t r ips in the area in 189*3 but was never published. I t would 
seem that the year 1893 was the e a r l i e s t date Dr. Fernald 
worked on the Upper St . John River . 
We do know he v i s i t e d Aroostook Fa l l s , N.B., and Van Buren, 
Maine, July 21, 1893, St . Francis on August 17 and Al lagash 
P lantat ion on August 11, as he co l l e c t ed specimens of Pedlcu-
l a r l s Furbishiae at a l l of these locat ions in Maine 
Other than the specimens of this plant we have no published 
records of his a c t i v i t i e s on the St . John during 1893-
Dr. Geo. U. Hay (1896) and Dr. W. F. Ganong t rave l l ed across 
Northern New Brunswick by canoe in 1896. They fo l lowed an 
old portage route from the St . John River system to that of 
the Restigouche and descended this r i v e r to Campbellton on 
the Bay of Chaleur- They spent from July 25 to August 6 in 
making the journey. 
The route was from St . Leonard on the St . John up to the mouth 
\ 
of the Grand R iver , fo l lowed the Grand and the Waagonsis and 
the portage from th is stream overland into the Waagon, a 
t r ibutary of the Restigouche. They made the t r i p from St . 
Leonard to the Waagon by horse and cart and started using 
canoes only when they reached a point on the Waagon where 
there was enough water to f l o a t the i r canoes. I t was good 
canoeing in descending the Restigouche. 
As a matter of i n t e r e s t , the modern maps show the Waagon to 
be the most wester ly stream on the route and the Waagonsis 
the eas te r l y one. This i s just the reverse of Hay's des-
c r i p t i on . 
On the S i lur ian ledges outcropping'along the Restigouche 
they found charac te r i s t i c Upper St . John River plants 
e spec i a l l y Rosa Carolina, Anemone pennsylvanica, A. cy l indr i ca , 
Cast i l l e . ja pa l l i da var. septentr lona l i s , Hedysarum boreale , 
Rhus toxicodendron, Amelanchier canadensis, Lobel ia kalmi i . 
Other plants mentioned that might be of in te res t were: 
Parnassia caro l in iana, T o f i e l d i a glutinosa and Astragalus 
alpinus. 
He g ives a complete l i s t of the new and rare plants d i s -
covered on the journey. 
Hay had a lready, by this date, co l l ec ted Pedicular ls Fur-
bishiae (1879 and 1882) and undoubtedly knew of Miss Furbish1s 
d iscovery of i t ancf yet he did not f ind i t on the Grand or 
the Restigouche Rivers during th is t r i p . 
11. Dr. W. L . Fernald (1897, 1898) we know co l l ec ted in Maine 
during these two years but we have very l i t t l e in the way of 
published mater ia l on his a c t i v i t i e s . 
In 1899 he was on the Aroostook River at Marsaidis when he 
co l l e c t ed Scute l l a r ia churchi l l iana on September 8. He 
v i s i t e d Crysta l , Maine, and then Fort Kent (June 15) where 
he says he spent some days in the St . John River Va l l ey . 
In 1898 he was again at Marsaidis in June (Rhodora I4.. Oct. 
1902 p. 192) botaniz ing along the Aroostook R iver . 
This year he was a lso at Port Kent (June 15) where he found 
Oxytropis campestrls and Grand I s l e (June 20) according to 
Rhodora 1. May 1899. 
12. Much happened in the way of botanical a c t i v i t i e s in Maine 
during 1899 but the records of these are not we l l documented. 
Knowlton (1975A) g ives a very b r i e f account of the meeting of 
1 
the members of the Josselyn Society at Houlton and Port Pa i r -
f i e l d June 27-30, 1899. 
Professor John Macoun, the eminent Canadian botanis t , was 
present as was Dr- Geo. U. Hay of St. John, N.B. They had 
been botaniz ing in the Upper St . John River and the Aroostook 
River areas, so were able to attend the meeting without 
t r a v e l l i n g very f a r -
W L. Fernald was a lso among the members present. He 
records in Rhodora 5* Oct. 1903, that on June 29, I899, the 
Soc ie ty spent the forenoon on south bank of Aroostook River 
at Fort F a i r f i e l d and an unrecognised sedge was co l l ec ted 
which turned out to be Carex (Kobresia) elachycarpa. 
13. Dr. Geo. U. Hay (1899) and Dr. W. F. Ganong made a botanizing 
and geo l og i ca l t r i p across Northern New Brunswick in 1898, 
from Bathurst on the Bay of Chaleur to Andover on the St . 
John R i ve r . The t r i p was made in a bark canoe between August 
8 and 30. 
From Bathurst they ascended the N ip i s iqu i t River to the 
N ip i s i qu i t Lakes ( f our in number) then portaged to the 
Tobique Lakes of the St . John River system. From there 
t o 
they entered the Tobique River and descended i t to the St . 
John River near Andover. 
They climbed Bald Mountain on the N ip i s i qu i t , and Bald 
Mountain on the side of Nictau Lake (one of the Tobique Lakes). 
They found the f l o r a of the N ip i s iqu i t River less in te res t ing 
and var ied than that of the Restigouche River , which they 
had studied in 1 896. 
At Pabineau Fa l l s on the N ip i s iqu i t they found Aster l i n a r i i -
f o l i u s , the only known stat ion f o r the plant in the Province. 
Dr. B. L. Robinson (1901) and Dr. V. L . Fernald were botani-
z ing in the Upper St. John area in 1901. We know they 
v i s i t e d the Aroostook River and Fa l l s , Aroostook Junction 
and Grand Fa l l s in New Brunswick and Van Buren and Fort 
F a i r f i e l d in Maine. At Fort F a i r f i e l d , in September, they 
co l l e c t ed senega snakeroot. At Van Buren, on August 13, they 
c o l l e c t ed twenty specimens (20) of Pedicular is Furbishiae. 
I 
Dr. Geo. U. Hay (1902 and 1903) and Dr- W. F Ganong were 
on a botaniz ing t r i p to the South Tobique Lakes in the 
summer of 1 900. 
They ascended the Tobique River , portaged to Trousers Lake 
and by another portage to Long Lake. They also v i s i t e d Por-
tage, Adder and the Serpentine Lakes. From these lakes they 
entered the Serpentine River and fo l lowed i t down to the 
Forks of the Tobique and so back to Andover. When coming 
home and descending the Tobique they made s i de - t r i p s to 
11 
the Sisson Branch of the r i v e r with i t s gorge. Near R i l ey 
Brook they climbed Bald Head Mountain. 
The a r t i c l e contains a l i s t of plants from the various regions 
v i s i t e d but none seem to be of in t e res t to us at th is time. 
16. The f i e l d meeting of the Josselyn Botanical Society at Fort 
Kent, Maine, on July 6-10, 1901]., i s reported on b r i e f l y by 
Knowlton (1975B) and Moult on (1 90I4.). 
There were twenty-s ix members present, including Dr. W. L . 
Fernald and Dr. Geo. U. Hay o f~St . John, N.B. 
The Upper St . John and St . Francis River Val leys were 
examined. 
Two excursions were made in to Canada, one to St. H i la i r e 
and the other probably to Grand Fa l l s . 
Plants of in t e r es t that were found are Equisetum variegatum, 
var . .jesupi, Osmorhiza divar icatus and Pedicular is Furbishiae. 
Miss Moulton g ives a few addit ional plants such as Astragalus 
alpinus, Tanacetum huronense, Cast i l le . ja septentr iona l l s , 
1 Hedysarum borea le , Vaccinium caespitosum, Carex castenia, 
Artemisia canadensis (on beach of St. H i l a i r e , N .B. ) , Primula 
mistass in ica , on the steep slopes were seen Helenia r e f l e x a , 
Clematis v e r t i c i l l a r i s and Pedicular is Furbishiae. We now 
know there were f i v e specimens of Pedicular is Furbishiae 
co l l e c t ed at Fort Kent and Frenchvi l le during the time of 
th is meeting. 
; 
\z 
During the summer of 1909 Dr. M. L . Fernald and Dr. K. M. 
Wiegand (1910) carr ied out an extensive botanizing t r i p in 
Maine and New Brunswick. They started in Washington County, 
Maine, but by August 6 they were in St . John, N.B., v i s i t i n g 
Dr. Geo. U. Hay- They spent a few days on the Lower St . 
John River but on August 9 with Dr. Hay they went to Fort 
F a i r f i e l d . They v i s i t e d Aroostook Fa l l s , Four Fa l l s , and 
Aroostook Junction. A f t e r Dr- Hay l e f t because of an in jury 
to his l e g , they went to Houlton and Crystal before l eav ing 
f o r home. 
They mention V io la nephrophylla, Primula mistassinica, 
Senecio balsamitae, Carex crawei, C. scirpoidea and Scirpus 
c l i n t o n i i at Fort F a i r f i e l d . At Four Fa l ls they found 
Anemone mul t i f ida and Arabis hirsuta. 
Thfl Josselyn Botanical Society met at Van Buren, Maine, on 
July 11 .^-18, I9II4.. Knowlton (1975C) has given a b r i e f report 
of the meeting.-
The members v i s i t e d several areas including the St. John 
River bank below the town of Van Buren, Caswell P lantat ion, 
Hammond Brook and Grand F a l l s , N.B. 
At Van Buren on the banks of the S t . John River they found 
Anemone canadensis, Astragalus alpinus var. brunetianus, 
Calamar.rostls neg lecta , Lathyrus pa lus t r i s , Pedicular is 
Furbishiae, P o t en t i l l a anserina, Senecio robb lns i i and Sal ix 
p e l l a t a . 
At Grand Fa l l s they found Anemone mul t i f i da , Artemisia cana-
densis , Carex c a p i l l a r i s var. e longata, Cryptogramma s t e l l a r i a 
Erigeron hyssofeTlus. Primula mistas3lnica. Senscio balsamitae 
x — 
and T o f i e l d i a g lut inosa. 
Wo now know that one specimen of Pedicular is Furbishiae was 
c o l l e c t ed at Van Buren by Arthur H. Norton on July 19II4.. 
I t i s number 5^ in our l i s t of specimens in Part I I of th is 
r epor t . 
Dr. Harold St . John (1929) and Dr- George E. Nichols botanized 
, i 
on the Upper St . John River in Maine during July 1917. A f t e r 
t rav 
Moos 
of t 
S t . 
a i l i n g up the Penobscot River they arr ived at Kineo on 
ehead Lake on July 5» They proceeded up the N. W. Branch 
ne Penobscot and then crossed over to Baker Lake on the 
1 
John River system. They then proceeded down the St. 
John River to Fort Kent. They reached that place on July 29. 
They co l l e c t ed 352 species of plants on the journey and 
> 
these are l i s t e d in the publ icat ion. 
Some of these plants noted were Astragalus alpinus var . bru-
t ianus, Hedysarum boreale , Oxytropis johanensis, Primula mist-
ass in ica , Cast i l le . ja pa l l i da var. septentr lona l i s , and two 
I 
plants of Pedicular is Furbi3hiae. 
The Pedicular is plants were co l l ec ted in Township XV Range 13, 
July 26, 1917 (No. 26 on our l i s t , Part I I ) and at Township 
XV Range 13, July 26, 1917 (No. 31 of our l i s t ) . These 
locat ions are near L i t t l e Black River Rapids and near the 
mouth of the Al lagash R iver . These locat ions are the most 
western of any s ta t i on f o r the p lant . 
>4 
20. The Josselyn Botanical Soc iety (Anon. 1957) met in Caribou, 
Maine, July 10-Hj., 1939. We know very l i t t l e about this 
meeting except the group botanized in the va l l e y of the 
Aroostook River at Port F a i r f i e l d , Washburn and Wade. At 
Perham they v i s i t e d an extensive bog. 
Glen D. Chamberlain, the f i e l d leader , gave a report on 
"Prel iminary Botanical Survey of Aroostook County and 
Adjacent Regions", but *the survey was apparently confined 
within the Aroostook River drainage basin. 
At Fort F a i r f i e l d and at Washburn the usual in te res t ing 
> 
plants were found. None of them were new f o r the area. 
i 
21. The Josselyn Botanical Society of Maine (Anon. 1975A) held 
the i r annual f i e l d meeting at Fort Kent, Maine, June 26-30> 
1961 
They botanized along the banks of the Upper St. John River 
at Fort Kent, Al lagash and Dickey. They v i s i t e d the 
Michaud Farm on the Allagash River . 
We do not have a l i s t of plants that were seen or co l l ec t ed 
except f o r Corax Josse lyni i which plant Mr. Ralph C« Bean 
announced had been i d e n t i f i e d in the co l l e c t i ons taken 
during the f i e l d t r i p s . 
Strangely , Pedicular is Furbishiae was not mentioned and no 
specimens were c o l l e c t ed . 
22. The Josselyn Botanical Society of Maine (Anon. 1975B) held 
the i r annual f i e l d meeting at Presque I s l e August 23-27, 
1965. 
15 
The reports on th is meeting are very scanty. They botanized 
on the Aroostook River at Presque I s l e and v i s i t e d Perham, 
Sweden, Woodland, Castle H i l l and Dickey to see the proposed 
dam s i t e . 
The only plant mentioned in the ava i lab le reports i s Sal ix 
i n t e r i o r var . e x t e r i o r which was i d e n t i f i e d on banks of 
Aroostook River- y 
Again we have an area in t ens i ve l y studied which i s situated 
away from the banks of the Upper St . John River-
The F ie ld Meeting of the Josselyn Botanical Society in 1972 
( 
(Anon. 1975C) was held at Fort Kent, August 21-25. They 
botanized along the St . John River near Dickey. They also 
v i s i t e d Michaud Farm, Al lagash Plantat ion, Big Rapids and 
Fort Kent. 
No l i s t of plants f o r the meeting i s ava i l ab l e . Dr. Charles 
Richards of the Univers i ty of Maine, who attended the meeting, 
reports that no plants of Pedicular is Furbishiae were observed. 
None were c o l l e c t ed . 
Conclusions:- This report g ives a concise out l ine of the 
a c t i v i t i e s of pro fess iona l and amateur f i e l d botanists in 
the Northern regions of Maine and New Brunswick during the 
l a s t one hundred and e leven years from 1861 to 1972. 
During the research on the subject f i f t y - o n e indiv idual 
en t r i e s have been placed in the bibl iography. A very large 
ma jo r i t y of these r e f e r only to the e f f o r t s of a s ing le bota-
u> 
our aroa. They do not add to our knowledge f o r the purposes 
Of th is report and have been l e f t out of our discussions. 
A l l of the botanical a c t i v i t i e s , expedit ions and t r i p s have 
been discussed under the twenty-three sections used in the 
r epor t . 
Much of the h i s to ry and pa r t i cu la r l y the records f o r ind i -
v idual plants are bfcaind up in the a c t i v i t i e s and publ icat ions 
of the Josselyn Botanical Society of Maine and the Natural 
History Soc iety of New Brunswick and these have been given 
par t i cu la r a t tent ion . 
The St. John River and many of i t s t r ibutar i es have been 
thoroughly studied by many d i f f e r e n t botanists and expeditions 
through the years. The t r ibutar i es include the Al lagash, St. 
Francis, Madawaska, Grand, Aroostook and the Tobique. 
Away from the St. John drainage basin some work i s reported 
on from the Penobscot River in Maine and the Restigouche 
and the N ip i s i qu i t Rivers in New Brunswick together with 
some areas in the i r drainage basins. 
In a l i these inves t i ga t ions Pedicular is Furbishiae has not 
been seen, or one specimen co l l ec t ed away from i t s range on 
the Upper St . John River between L i t t l e Black River Rapids 
in Maine and Andover in New Brunswick. 
There is only one mention of Carex Josse lyni i and that at 
Fort Kent, i t s type s ta t i on . There i s no mention of 
Astragalus Blake i . 
n 
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Part I I A SEARCH FOR HERBARIUM SPECIMENS OF PEDICULARIS 
FURBISHIAE S. WATS. AND OTIIER RAR5 PLANTS. 
A. PEDICULARIS FURBISHIAE 
The search f o r museum specimens was begun by the author 
in 1971 
In a l l some twenty-eight ins t i tu t i ons or pr ivate co l l e c -
tors in North America and. Europe were contacted, with the resul t 
that we have a record of s ix ty-seven museum specimens together 
with the information recorded on the herbarium sheets. The 
Ins t i tu t i ons holding specimens are given in the l i s t . 
A to ta l of Wenty- four persons have co l l ec ted the plant 
between the years 1878 and 1977 The name of each i s shown in 
the f o l l ow ing record ( l i s t ) of a l l known specimens. 
From the museum specimens we know that the plant grows 
nowhere e l se in the world other than on the banks of the main 
stem of the Upper St . John River between L i t t l e Black Rapids, 
Maine, and Andover, New Brunswick. I t s range on the r i v e r 
extends f o r about ninety mi les . 
There i s no specimens of the plant from the Province of 
Quebec and reports of i t s occurrence there are not substantiated 
by the resu l ts of the search of herbariums or by the study of the 
h i s t o r y of f i e l d botany given in Part I of this report . 
I . A LIST OF THE KNOWN HERBARIUM SPECIMENS OF PEDICULARIS FURBISHIAE S. VATS. 
Academy of Natural Sciences, Phi ladelphia, Pa. 
1. St. Francis, Me. August 17, 1893* M. L . Fernald, moist g rave l l y thickets 
Ex. Herb. George G. Kennedy M.D. 
2. Al lagash Plantat ion, Me. July 29, 1900, Emile F. Wil l iams, Ex. Herb. 
E. F. Wil l iams. 
3. Van Buren, Me. August 13, 1901, B. L. Robinson and M. L . Fernald, 
wooded a l l u v i a l banks of St. John River . 
Academy of Sciences U.S.S.R. , V. L. Komarov Botanical I ns t i tu t e , Leningrad, U.S.S.R. 
k. Fort Kent, Me. 1881, Kate Furbish. Ex. Herb. A. Grey. (0 
0 
5. "Moosetown" St. John River at L i t t l e Black River , Me. July 1?, 1900, 
J. Franklin Col l ins and E. F. Wil l iams. Ex. Herb. J. Franklin Co l l ins . 
6. St . Francis, Me. August 17# 1893* M. L . Fernald, moist g rave l l y thickets 
along the St. John River . From United States Nctlonal Museum. 
7. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L . Fernald, wooded 
a l l u v i a l banks of St . John River . Type s ta t ion . Plantae Exsiccatae Grayanae. 
Acadia Univers i ty , Dept. Bio logy, W o l f v l l l e , Nova Scot ia . 
8. Aroostook'Co. , Me. August 1893* M. L . Fernald. Along St. John River . 
Br i t i sh Museum (Natural H is to ry ) , London, England. 
9- Fort Kent, Me. 1881, Miss Kate Furbish. 
10. Aroostook River , New Brunswick. August 8, 1881*, J. Vroom #1?09« 
11. Van Buren, Me. August 13, 1901, B. L. Robinson and M. L . Fernald, 
wooded a l l u v i a l banks of St . John River . P I . Exsicc. Grayanae 2. 
Carnegie Museum of Natural History, Pittsburgh, Pa. 
12. Van Buren, Me. August 13, 1901, B. L. Robinson and M. L . Fernald, 
wooded a l l u v i a l banks of the St. John River . Type s ta t ion . Plantae 
Exsiccatae Grayanae. 
Harvard Univers i ty , Gray Herbarium, Cambridge, Mass. H 
13. Mouth of Aroostook River , N.B. August 11*, 1901, J. R. Churchi l l . 
11*. Van Buren, Me. July 26, 1893, M. L . Fernald. Banks of St. John River . 
15. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L. Fernald. 
Banks of St. John River . 
16. Allagash Plantat ion, Me. July 29, 1900, Emile Wil l iams. 
17. Allagash Plantat ion, Me. August 11 , 1893, M.- L. Fernald. 
18. St . Francis, Me. August 17, 1893, M. L . Fernald. 
19. Fort Kent, Me. 1881, Kate Furbish. 
Harvard Univers i ty , New England Botanical Club Herbarium, Cambridge, Mass. 
20. Van Buren, Me. July 26, 1893, M. L. Fernald. Banks of St . John R iver . 
21. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L. Fernald. 
Banks of St . John River . 
22. Al lagash Plantat ion, Me. August 11, 1893, M. L . Fernald. 
23. St. Francis, Me. August 17, 1893, M. L . Fernald. 
21].. Fort Kent, Me. July 11+, 1903, A. S. Pease. 
25. Van Buren, Me. 1880, Kate Furbish. 
26. Township XV, Range 13, Me. July 26, 1917, Harold St . John and George 
Nichols. Along St. John River . 
<>j 
McGill Univers i ty . Macdonald Col lege , Ste. Anne de Bel levue, Quebec. 
27. Aroostook, N.B. August 20, 1881^ ., J. Vroom, Ex. Herb. T. J. W. Burgess. 
National Museum of Canada, Natural Sciences, Ottawa, Ontario, Canada. 
28. Aroostook, N.B. August 20, I88I4., Vroom, wet banks CAN. 97558. 
29. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L . Fernald. 
Wooded a l l u v i a l banks of St . John River . Type stat ion 577&3 
Plantae Exsiccatae. Grayanae No. 2 CAN. 188I|.86. 
30. St. Francis,-Aroostook Co., He. August 17, 1893, M. L . Fernald. 
Moist g rave l l y banks. CAN. 1881*87-
31. Township XV, Range 13. Aroostook Co'., Me. July 26, 1917, H. St . John 
and G. E. Nichols. Edges of woods along St . John River . CAN. 1881*88. 
A l l four specimens in this herbarium v e r i f i e d by F. W. Pennel l , 1933-
New Brunswick Museum, Saint John, N.B. 
V 
3 2 . Upper St . John River , N.B. (probably Andover). J. E. Wetmore, 
August 1882. Banks of stream. NBM. # 261*3. 
33. Grand Fa l l s , N.B. July 18, 1879, George U. Hay, copses and banks. 
NBM. # 261*1*. 
31*. Opposite L i t t l e R iver , V i c to r ia County, N.B. July 20, 1892, George A. Inch. 
River bank. NBM. # 261*5-
New York State Museum and Science Service, Universi ty of State of New York, Albany, N.Y 
j 
36. 
Van Buren, Me. 
Type locat ion . 
Van Buren, Me. 
Type locat ion . 
August 13, 1901, B. L. Robinson and M. L. Fernald 
Plantae Exsiccatae Grayanae. 
August 13, 1901, B. L. Robinson and M. L . Fernald, 
Plantae Exsiccatae Grayanae. 
Plant Research I n s t i t u t e , Canada Agr icu l ture , O-ttawa, Ontario-. --
37. Grand Fa l l s , N.B. July 7 , 19^3, Geo. M. S t i r r e t t , shore of St . John 
River below Grand Fa l l s . A stat ion of f i v e p lants . 
Queens Univers i ty , Fowler Herbarium, Kingston, Ontario. 
38. Grand Fa l l s , N.B. 1878, J. Moser. Ex. Herb. J. Fowler CK. 70513-
Or ig ina l l y i d e n t i f i e d as Ped. canadensis v e r i f i e d as Ped. Furbishiae by 
B. Boiv in. 196I4.. 
39. Andover, N.B. July 1882, Geo. U. Hay. 
40. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L . Fernald. 
Swedish Museum of Natural History , Stockholm, Sweden. 
lj.1. St . Francis, Me. August 17, 1893, M. L . Fernald. No. 93, moist 
g rave l l y thickets along St . John River . 
I4.2. Van Buren, Me. August 13, 1901, B. L. Robinson and M. L. Fernald. Type 
s ta t ion . Wooded a l l u v i a l banks St. John River . Plantae Exsiccatae 
Grayanae # 2. 
J+3. Fort Kent, Me. July 23, 1900, J. Franklin Col l ins and E. F. Wil l iams. 
1+4. Al lagash Plantat ion, Me. July 29, 1900, J. Franklin Col l ins and E.F. Wil l iams. 
Univers i ty of Maine, Dept. Botany, Orono, Maine. 
I4.5. Fort F a i r f i e l d , Me. Kate Furbish. No date. 
1*6. Fort Kent, Me. July 23, 1900, Emile F. Wil l iams, "winding ledge?" 
of St . John River . 
1*7. Frenchv i l l e , Me. 1.5 miles W. August 27, 1937, M. A. Chrysler, 
bank of St . John River . 
l|8. Fort Kent (F renchv i l l e ) , Me. July 9, 1901*, Louise H. Coburn. 
i 
1*9. Mouth of Aroostook River , N.B. August 11*, 1901, J. R. Churchi l l , woods. 
Univers i ty of Montreal, Botanical Ins t i tu t e , Montreal, Quebec. 
50. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L . Fernald. 
51. Fort Kent, Me. No date. S. X. Burke. 
> » \Ji 
Universi ty of New Brunswick, Herbarium, Frederlcton, N.B. 
52. Grand Fa l l s , N.B. August 19, 1977, Harold Hinds and Geo. M. S t i r r e t t . 
Moist g rave l l y area, west bank St . John River . 
Universi ty of New Hampshire, Herbarium Portland Society of Natural History, Durham, N.H. 
53. Allagash Plantat ion, Me. July 29, 1900, Emile F. Wil l iams. 
51*. Van Buren, Me. July 11*, 1911*, Arthur H. Norton. # 8168. 
55. Fort Kent, Me. July 9, 1901*, Dora H. Moulton Ex. Herb. # 11380. 
56. Fort Kent, Me July 9, 1901;, Dana W. Fel lows. H i l l s i d e below town. 
57- Frenchv i l l e , Me. July 9, 1901;, Dana W. Fel lows. H i l l s i de th icke t . 
58. Fort Kent, Me. August 11;, 1905, A. V. Knight # 1;923. 
59- St . Francis, Me. August 17, 1893, M. L . Fernald # 561. Moist g rave l l y th icke ts . 
60. Van Buren, Me. August 13, 1901, 3. L . Robinson and M. L. Fernald. Wooded 
a l l u v i a l banks of St . John River . Plantae Exsiccatae Grayanae 2. Type s ta t i on . 
61. Fort Kent, Me. July 9, 1901;, A l i c e I . Evans. 
62. Fort Kent, Me. August 17, 1907, Dana W. Fellows # 1^39- Bank of St . John River . 
63. Fort Kent, Me. (2 miles above) August 11, 1908, co l l e c t o r unknown, upper 
border of gravel shore St . John River . 
Univers i ty of Vermont, Dept. Botany, Pr lngle Herbarium, Burlington, Vermont. ^ 
61;. St . John River , Me. 1880, Miss Kate Furbish. 
65. Al lagash Plantat ion, Me. 1900, E. F. Wil l iams. (July 29 GMS) 
66. Al lagash Plantat ion, Me. 1900, E. F. Wil l iams. (July 29 GMS) 
67. Van Buren, Me. August 13, 1901, B. L . Robinson and M. L . Fernald. 
Plantae Exsiccatae Grayanae # 2. 
2 1 
Because of our present knowledge the date given on the 
above specimens can be corrected or amended as the case may require . 
t 
The Fort F a i r f i e l d , Maine, given as the l o c a l i t y of c o l l e c t i on 
f o r specimen number l|5 i s obviously incorrect i f i t was co l l ec ted 
by Miss Furbish and she i s named as the c o l l e c t o r . The specimen 
must be from Van Buren, Maine, i f co l l e c t ed in 1880 or i t could 
be from Fort Kent i f co l l e c t ed in e i ther 1880 or 1881. Miss Fur-
bish did v i s i t Fort F a i r f i e l d in 1880 but her only mention of the 
plant in that year i s at Van Buren when she found i t and recognised 
i t as a species of Pedicular is unknown to her- I f sh& found i t at 
Fort F a i r f i e l d e a r l i e r in her t r i p she most cer ta in ly would have 
mentioned i t . She did not v i s i t Fort F a i r f i e l d in 1881 and she 
did not v i s i t Van Buren in this year e i t h e r . Strangely, she does I 
not mention the plant in her 1881 t r i p but we know she co l l e c t ed 
three specimens at Fort Kent in that year. 
11. A LIST OF INSTITUTIONS THAT HAVE BEEN CONTACTED AND HAVE i 
NO SPECIMENS OF PEDICULARIS FURBISHIAE. 
1 . Botanisches Garten and Botanisches Museum, Ber l in -
Dahlem, East Germany 
2. Bowdoin Co l lege , Dept. of Bio logy, Brunswick, Maine. 
v 
3. Bryon Hand, Herbarium, Caribou, Maine. 
I4.. Canadian Forestry Laboratory, Maritime D i s t r i c t 
Herbarium, Freder icton, N.B. 
5. Dalhousie Univers i ty , Dept. Botany, Ha l i fax , Nova Scotia 
6. The l a t e Glen D. Chamberlain Herbarium, Presque 
I s l e , Maine. 
7 National Museum of Natural History, Smithsonian 
I n s t i t u t i o n , Washington^D.C _ 
7.1 
8. Research Stat ion, Agr iculture Canada, Fredericton, N.B. 
9« The Royal Botanic Gardens, Kew, England. 
10. Univers i ty of Guelph, Herbarium, Guelph, Ontario. 
11 Univers i ty of Toronto, Herbarium, Toronto, Ontario. 
12. Uppsala Univers i ty , Ins t i tu t e of Systematic Botany, 
Uppsala, Sweden. 
I I I . A LIST OF INSTITUTIONS THAT DID NOT REPLY TO INQUIRIES. 
1. D i rec tor , Museum National d 'H i s to i r e Nature l le , 
Par is , France. 
B . CAREX JOSSELYNI I 
A few museums were contacted to discover museum specimens 
of th is p lant . 
1 . Plant Research Ins t i tu t e , Canada Agr icul ture , Ottawa, Ontario 
Possibly yes, but specimens out on loan so couldn't be 
v e r i f i e d . 
Dr. B. Boivin - says Gleason does not recognise i t and 
perhaps considers i t under Carex i n t e r i o r . 
2. The f o l l ow ing ins t i tu t i ons do not have specimens. 
/ 
1 . Acadia Univers i ty , Dept. Bio logy, W o l f v i l l e , Nova 
Scot ia . 
2. Dalhousie Univers i ty , Dept. Botany, Ha l i f ax , Nova 
Scot ia . 
3 . National Museum of Canada, Natural Sciences, Ottawa, 
Ontario. 
New Brunswick Museum, St. John, New Brunswick. 
Queen'" Univers i ty ^owler Herbarium, Kingston, Ontar io . 
l < \ 
6. Univers i ty of New Brunswick, Botany Dept., Frede-
r i c t on , New Brunswick. 
7. Univers i ty of Toronto, Herbarium, Toronto, Ontario. 
C. ASTRAGALUS BLAKEI 
Some e f f o r t was made to discover museums having speci-
mens of th is species. Most botanists , apparently, do not consider 
i t a va l i d species . 
1 
1 . Plant Research Ins t i tu t e Canada Agr icul ture , Ottawa, Ontario. 
Dr- B. Boiv in does not think i t d i s t inc t from A. robb ins i i . 
He also includes under this name A. jesupi , A. macounii, 
and A. occ identa l i s . 
2. National Museum of Canada, Ottawa, Ontario. 
Dr. George W. ArgUB considers i t a synonym of A. robbinsi i 
var . minor. 
3. Ins t i tu t i ons Not Having Specimens Of Astragalus Blakei . 
1. Acadia Univers i ty , Dept. Bio logy, W o l f v i l l e , N.S. 
2. Dalhousie Univers i ty , Dept. Botany, Ha l i f ax , N.S. 
3 . New Brunswick Museum, Saint John, N.B. 
Queens Univers i ty , Fowler Herbarium, Kingston, Ont. 
5. Univers i ty of New Brunswick, Herbarium, Fredericton, N.B. 
1 
6. Univers i ty of Toronto, Herbarium, Toronto, Ont. 
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Part I I I FIELD SURVEYS IN SEARCH OF PEDICULARIS FURBISHIAE 
AND OTHER RARE PLANTS FOR THE SEASON OF 1977. 
A. INTRODUCTION. 
F ie ld surveys of the r i v e r banks were started on July 
11 and ended August 20. The date of July 11 was chosen as the 
s ta r t ing date because i t was thought the plants of Pedicular is 
Furbishiae, i f present, would by then be large enough to be 
e a s i l y seen and recorded. The plant i s l a t e in developing in 
the spring because i t i s a perennial and because i t grows in a 
pos i t i on on the r i v e r bank which is f looded with r i v e r water 
each spring during the run-of f per iod. 
Thirty-seven separate ground search s i t es or areas 
were examined in d e t a i l by a crew of two men on the banks of 
the three r i v e r s assigned to this segment of the p r o j e c t . 
The search s i t e s used were selected because they 
looked promising as a proper habitat f o r the plant when viewed 
from the ground or a i r - We wanted to f ind the p lant . We 
were lucky in d iscover ing i t within the f i r s t hour of search. 
We had, the re fo re , from then on a good idea of what kind of area 
o f f e r e d the greatest p o s s i b i l i t y of success in f ind ing the 
p lan t . 
However, some of what to us were, unpromising areas 
were searched to make cer ta in that our idea of suitable habitat 
was not in error -
31 
In some cases the s c i e n t i f i c sp e c i f i c names of cer ta in 
plants are not g iven in this report because the plants were not 
known d e f i n i t e l y enough to place names on them. Specimens of 
some plants wore co l l e c t ed and w i l l be submitted to spec ia l i s t s 
f o r determination. 1 
\ 
B. THE SEARCH FOR PLANTS. 
i 
1 . Inves t i ga t ions on the Main Stem of St. John River , N.B. 
a) Introduction ' \ 
The area under study i s the main stem of the St. John 
River in New Brunswick from the United States - Canada border 
near Hamlin, Maine, southward to the mouth of the Aroostook 
j 
Rive r , N.B. The t e r r i t o r y extends about 38 miles so that 
about 76 miles of r i v e r banks are under discussion. 
In th is area twenty-six ground search s i t es were 
examined in d e t a i l by the crew of two men between July 11 and 
August 20. In addi t ion, the area was surveyed by a i r t rave l on 
August 8 and 9. 
b) Catalogue of Ground Search Si tes Examined 
The l oca t i on of each s i t e i s b r i e f l y described. Notes 
are g iven on the s i t es s u i t a b i l i t y as a habitat f o r Pedicular is 
Furblshiae. Some of the plants of the area are l i s t e d i f 
thought to be of i n t e r e s t . 
The l oca t i on of each s i t e i s marked by i t s number and 
a c i r c l e in red ink on two maps appended to the report . The 
c i r c l e marks the approximate l oca t i on of the search s i t e but 
does not ind icate the extent of the area examined. 
3 2 
The map sheets marked and appended are (1 ) Canada 
Saint Andre, 21 O/l; and 21 N/1, Edit ion 2, and (2) Canada 
Aroostook, 21 J/13, Edit ion 2. 
The numbers of the search s i t es in the catalogue 
are not in consecutive order- They do not f o l l ow any pa r t i -
cular pattern because the search moved from area to area and 
from one r i v e r to another on d i f f e r e n t days during the search 
per iod . 
0 ) West Bank of St. John River 
S i te 
1 At United States - Canada border south eastward f o r 2 
mi les , near Grand Fa l l s , V ic tor ia County Pedicular is 
Furbishiae found here. Area designated Population 
Area I . Detai ls are noted under Habitat Description 
and Spat ia l Relat ionships. Photograph on page 
2. Lower basin of r i v e r at Grand Fa l ls Examined 0.3 
miles Pedicular is Furbishiae not found. Not now 
sui table habitat because of power and sewage deve-
lopments in p lace . A genera l ly disturbed area. Dense 
growth of wi l low, dogwood and alder-
Davis Park, Fa l l s and Upper Gorge area in Grand Fa l l s , 
0.3 miles examined. No Pedicular is found. Now unsui-
table habitat because of disturbed conditions of banks 
and encroachment of town. 
Plants of in t e res t found hero : - Hieraciun canadense, 
Erigeron hyssop i f o l ius , T o f i e l d i a g lut inosa, Po t en t i l l a 
Lower gorge and i t s wooded banks, Grand Fa l l s . 0.3 
miles examined. No Pedicular is found. Habitat not 
su i tab l e . Rocky ahd disturbed t e r ra in . 
Shores of Upper Basin of r i v e r at Grand Fa l l s . 0.3 
miles examined. No Pedicular is found. Mostly cleared 
shore but a small port ion of bank looks sui tab le . 
0.75 miles above mouth of Aroostook River . 1 mile 
examined. So i l sandy Steep heav i ly wooded bank 
about 15 f e e t from r i v e r water. No Pedicular is . 
Plants of in t e res t in area:- V i t i s sp., Smilax herbacae, 
Verbena probably hastata, Rhus radicans. 
One mile above search s i t e 8. 1 mile examined. No 
Pedicular is found. Many habitats within the mile 
Some port ions look suitable but others covered with 
denso stands of grasses. Flood debris in trees on 
edge of f o r e s t about 20 f e e t above normal water l e v e l . 
At time of examination water of r i v e r was low and 
about 1*5 f e e t of shore exposed. A small port ion of 
bank consists of rock ledges that extend into water 
of r i v e r . In te res t ing p lants : - Solldaco sp., Allium 
schoenoprasm, Lobel ia kalmii , V i t i s sp., Parnassia 
sp . , Habenaria sp. , Spiranthes sp. , Tanacetum huronense. 
\ 
At old Tom Green's place where ra i l road crosses r i v e r 
road. One ha l f mile above s i t e 9 . No Pedicular is 
found. Judged unsuitable, bank l ined with dense 
a lders , dogwoods or grasses or e lse bare areas with 
boulders. No moist springy areas on bank. 0.3 miles 
Two and one quarter miles above s i t e 11. I* miles 
below Winston-Hansen potato house at Limestone 
Sid ing. 0.3 miles examined. No Pedicular is found. 
Judged unsuitable bank area. Bank very steep and 
shorel ine has a wide expanse be fore water of r i v e r . 
Mouth of M i l l Creek. Three and one ha l f miles above 
s i t e 12. Examined 0 . 5 mi les . No Pedicular is found. 
Grey sandy dry s o i l . Heavy growth of a lders, dogwoods 
and grasses along bank at edge of woods. Note book 
saya, "Very inhospitable place f o r Ped icu lar i s " . 
On exposed shores were found Allium schoenopra3m, 
small w i l l ows , Polygonum sp. 
North side Brook's Bridge at Limestone Siding. Exa-
mined 0.75 mi les . No Ped icu lar is . Sandy grey s o i l , 
some areas looked very suitable with moist, springy 
areas at frequent in te rva l s which supported dense 
growth of mosses and oquisetum. Water of r i v e r low 
with about 200 f e e t of shoreline between water and 
f o res ted bank. 
South side Brook's Bridge at Limestone Siding. 0.3 
miles examined. This area dr i e r and less suitable than 
s i t e 11*. No Pedicular is found. Exposed r i v e r banks 
had very few plants of any kind growing on them. 
Opposite mouth of Salmon R ive r . 0-75 miles above 
Or t onv i l l e . Examined 0.5 mi les . No Pedicular is 
found. Judged mostly unsuitable. There were a 
few l i k e l y looking areas. There were several l a rge 
and smal^J.and s l i des on steep bank. 
3 5 
19. One mile north of s i t e 18. Near Arnold T. Stone house 
i 
on River Road. 0.3 miles examined. No Pedicular is 
found. Some areas within s i t e appear su i tab le . Many-
earth s l ides down steep slope of bank. The regular 
plants of exposed shore were present such as : - Allium 
schoenoprasm; Gymnocarpium dryopter is , Thelypter is 
phe.gopteris, Tanacetum huronensis var . johannense. 
/ 
21 Just above Argosy Stat ion. 0.3 miles examined. No 
Pedicular is found. Judged unsuitable but there were 
a few areas of bank that were moist with seepage. 
In te res t ing plants on r i v e r bank:- Eleocharis sp., 
I r i s v e r s i c o l o r , Polygonum sp. , Gymnocarpium dryopter is . 
i 
i 
At mouth of Rapide de Femme Stream. 1.2 miles above 
s i t e 21 . 0.5 miles examined. No Pedicular is found. 
Judged unsuitable. Sh i f t ing sands even at edge of 
woods. A small area of rock ledges extending into 
water causing rapids. 
A few p lan ts : - Myr i ca gale, Senecio sp . , Allium 
schoenoprasm, Campanula r o tund i f o l i a . 
One ha l f mile north of mouth of Rapide de Femme 
Stroam. 0.3 miles examined. No Pedicular is found. 
Judged unsuitable. Bank heav i ly overgrown with 
alders and dogwoods. Part of shore bears rocky 
ledges that extend into r i v e r to form second ser ies 
of rapids below Grand Fa l l s . 
Junction" of River Road and Power House Road. About 
one-hal f mile below town l im i t s of Grand Fa l l s . 0.5 
miles examined. No Pedicuj f l^s. . J u d g ^ u n s u i t a b l e ^ 
22. 
26. 
27 
Alder and dogwood shrubs thick along edge of bank and 
in places hanging over water- Heavy s i l t i n g r ight up 
to edge of wooded bank. 
(2) East Side of St. John River 
S i to 
10 One and one-half miles above mouth of Aroostook River . 
Examined v i sua l l y from across r i v e r - Judged unsui-
table habitat because open shore covered with boulders 
20. Opposite s i t e 19 on west bank. Examined v i sua l l y from 
across the r i v e r - Judgod only f a i r habitat f o r Pedicu-
l a r i s but be t t e r than t e r r i t o r y below i t . Should be 
examined as time permits. 
28. Opposite s i t e 27. 0.3 miles below Power House in Grand 
Fa l l s . Examined v i sua l l y from opposite bank. Judged 
unsuitable because of many earth s l ides on bank and dense 
growth of alder and dogwood at edge of bank. 
38. Mouth of L i t t l e R iver , New Denmark Parish, V i c to r i a 
County 0.8 miles examined. Pedicular is Furbishiao 
found. S i te designated Population Area f o r de ta i l s 
see under th is heading. 
3. Mouth of L i t t l e R iver , Grand Fa l l s Parish. Within town 
l im i t s of Grand Fa l l s . 0.3 miles examined. Flat f l o od 
p l a in along r i v e r , grown up with heavy growth of a lder 
and wi l low, golden rod, and joe-pye weed, e t c . Not 
sui tab le hab i ta t . Urban encroachment such as sewage 
disposal p lant , and un t i l recent ly discharge from 
starch f ac to ry -
6. Opposite search s i t e 1 and, there fo re , opposite Popu-
l a t i o n Area I . 1 mile examined. No Ped icu lar is . Judged 
unsuitable as hab i ta t . Forest area on bank small, some 
farming and commercial disturbance, shoreline f a i r l y 
open, but dense stands of grasses, alder and dogwood 
l i n e bank l eav ing no openings f o r the p lant . Photo-
graph page [j.8. 
17. St . John River on northwest side of mouth of Salmon 
R iver . Confluent with search s i t e 23. 0.3 miles exa-
mined. Judged unsuitable. There are no high banks 
here, area covered with deep sediments and tangled t rees , 
shrubs and other debris deposited by spring f l ood ing . 
For l i s t of plants observed see under s i t e 23. 
34' Just south of Argosy on opposite side of r i v e r . About 
2.3 miles north of mouth of Salmon River . 0.3 miles 
searched. No Pedicular is Furbishiae. From the a i r the 
s i t e looked promising but on examination found to be 
poor. Shoreline broken up into densely covered areas 
to areas of f a i r l y open t e r ra in . Dense stands of t a l l 
grass in some areas. S i te examined by Richard Dyer 
and Geo. M. S t i r r e t t . 
c ) Remarks on Plants other than Pedicular is Furbishiae 
Carex Josse lyn l i and Astragalus Blake1 were not found in 
our surveys on the St . John R iver , the Salmon River and Aroostook 
R i ve r . 
Cast i l le . ja septentrional i s , Oxytropis .johannensis, Astra-
galus alpinus var . brunetianus and Hedysarum alpinum var . americanum 
found in the survey of the Upper St._jIohn River in 197& were not 
found in our t e r r i t o r y th is year- They were not found on e i ther 
the Salmon or Aroostook Rivers . 
d) Ae r i a l Survey of the St. John River 
The ent i r e sect ion of the main stem of r i v e r a l l o t t e d 
to the search team was examined by a i r t rave l once on August 8 
and again on August 9. One area, search s i t e 2ht looked promising 
enough to land f o r an examination. I t was found unsuitable. The 
appearance of search s i t e 1 where we found plants of Pedicular is 
i 
Furbishiae (Population Area I ) was unique and d i s t i n c t i v e l y d i f f e -
rent from any other seen. The water and f o r e s t meet in a c lear 
cut l i n e without any exposed shorel ine and there i s no v i s i b l e 
c lu t t e r of the usual shore plants. The f o r e s t of the area i s 
thick and extends back to a road a short distance away from the 
brow of the h i l l . 
The other s i t e where we found Pedicular is Furbishiae, 
S i t e 38. Population Area I I did not look from the a i r l i k e promising 
t e r r i t o r y but the ground search of i t proved our judgment incorrec t . 
Most of the res t of the area of r i v e r banks look l i k e 
poor habitat f o r Pedicular is Furbishiae. I 
I 
2. Inves t i ga t i on on the Salmon River , V ic tor ia County 
a) Catalogue of Ground Search Si tes Examined 
(1 ) North West Bank 
S i t e 
23. North western bank at mouth of r i v e r , north eastward 
to br idge on Highway 125. 0.3 m i l 0 3 examined. No 
Ped icu lar is found. Habitat judged unsuitable. The 
area i s the sandy de l ta of the r i v e r with sh i f t i n g chan-
ne ls and heavy deposits of sand and other debris on both 
sides of r i v e r - The area supports a luxuriant growth 
< 
of t rees , perennials and annual plants. 
Some of plants encountered were : - Populus balsamifera, 
Sa l ix sp. , Acer saccharinum (a large g rove ) , Fraxinus 
n igra , Impatiens capensls, Galium sp. , V ic ia sp., 
Epilobium angustifolium, Equisetum sp. , Eupatorium 
maculatum, Lysimachia c i l i a t a , Lathyrus pratensis, 
Amphicarpa bracteata, M e l i l o t u s alba, Solidago sp. , 
Thalictrum sp. , Anemone canadense, Oneclea s ens ib i l l a , 
Echinocystis lobate, (whole f i e l d s ) , L i l l ium canadonse 
(whole meadows of i t ) , Parthenoci ssus quinquefo l ia , • 
Smllaeina s t e l l a t a , Oenothera sp. , Convolvulus sopium. 
At bridge over r i v e r on Highway 108. 0.3 miles examined. 
Habitat judged unsuitable. Sh i f t ing r i v e r channels, 
s h i f t i n g sands. Low p r o f i l e of f l o od p la in , cottage 
developments. 
At bridge over road leading to Sutherland Brook. 2.25 
miles north east of search s i t e 29. 1.25 miles North 
East Davis M i l l . A narrow s t r ip of f o r e s t between road 
and r i v e r , tangled alders and dogwoods l ine bank in many 
places making d i f f i c u l t walking. Heavy growth of i n t e r -
rupted and os t r i ch ferns back from water 's edge. Judged 
unsuitable. No Pedicular is found. 
End of north road, opposite mouth of Sutherland Brook. 0 
miles examined. No Pedicular is found. Habitat judged un 
su i tab l e . Cottagers have cleared some areas of bank. 
HO 
(2) South Eastern Bank 
S i t e 
2L. Mouth of Salmon River Junction with St. John. South 
eastern bank. Real ly a port ion of search s i t e 23. Visual 
search made from del ta of r i v e r . Sandy s o i l almost 
forming dunes Area covered by usual debris of tree 
trunks, e t c . Habitat judged unsuitable. No Pedicularis 
found. 
25. Bank north of Bridge over r i v e r on Highway 125. 0.5 
miles searched. A few l i k e l y looking areas here 
e spec i a l l y at f oo t of s lopes. The whole area how-
ever i s covered with thick sediments en both sides of , 
r i v e r and these areas judged poor habi tat . No Pedi-
cular is found. Plants noted were enormous old white 
cedars, many good sized ash trees (some cut by beavers ) , 
Orchis spec tab i l i s . 
32. On road to Sutherland Brook. Start ing at Graham's cot-
tage. 0.3 miles examined. No Pedicular is found. Habitat 
judged unsuitable, because of meandering stream de-
pos i t ing thick debris over f l o od p la in and into wooded 
areas below steep s lope. Col lected plants f o r deter-
mination on cobbled scree l e f t by r e t r ea t ing water. 
Carex sp. , Himulus sp. , Senecio sp. noted. 
b) Ae r i a l Survey of Salmon River 
The r i v e r was scanned by he l i copter on August 8 f o r about 
21* miles of i t s course from i t s mouth to above Fish & Game Club House. 
On August 9, i t was again surveyed by a i r from i t s mouth to the 
C.N.R. ra i lway bridge at Davis M i l l . 
At a distance of 21+ mile3 from"i^s-mouth, at th is time of 
year , the r i v e r channel wa3 small with l i t t l e water in i t . The r i v e r 
in general i s meandering with sharp curves and erodes i t s banl:s, 
e s p e c i a l l y at spring f l ood time. I t also deposits heavy sediments 
in to the edge of the f o r es t on the slopes. The banks of the r i v e r 
are judged unsuitable f o r Pedicular is Furbishiae. 
3• Inves t i ga t i ons on the Aroor.took River , N.B. 
i 
a) Catalo/pjo of Ground Soarch S i tes Examined 
(1) North River Bank 
S i t e 
39' At mouth of r i v e r , from St. John River westward to r a i l -
way br idge . 0.25? miles examined. No Pedicular is Furbishiae 
found. Habitat judged unsuitable because outer edge of 
bank l ined by dense stands of very t a l l grass and inner 
bordor by high stands of Ostrich f e rn , poison i v y and 
other plants such as joe-pye weed. 
35. Area surrounding Four Fa l ls Cataract (Limestone Stream 
mouth) 0.5 miles examined. The search was by Fred Tribe 
alone. Nb Pedicular is found. Host of area looks l i k e 
good habi tat , other parts are disturbed by past bridge 
bu i ld ing . Some bedrock exposed here. 
(2 ) South River Bank 
S i t e 
36. About one mile north east of Tinker, N.B. Hel icopter 
landed on f l a t ledges of rock. 0.?5 miles examined. 
No Pedicular is found. Many areas were judged suitable 
habi tat f o r Ped icular is others were not. The f o r e s t 
144 
edge pa r t i cu l a r l y looked su i tab le . Inland from f o r es t 
edge there i s an old r i v e r terrace before the steep slope 
This area had -a very luxurious growth of trees and ferns 
of several kinds. Maiden hair f e rn was one of them. The 
rock lodges p ro j e c t ing into r i v e r carr ied a d i f f e r e n t 
f l o r a . Noted were Campanula ro tund ! fo la , Po t en t i l l a 
f ru t i c o sa , Senocio sp. , Allium schoenoprasm, and a d is -
t i n c t low spreading wi l low. 
37 One quarter mile east of Trans-Canada Hi 
over r i v e r - 0.5 mile3 examined. No Pec 
Some areas looked promising but most of 
unsuitable because of heavy s i l t deposit 
t r e e s . The bank hero i s very steep and 
ghway bridge 
i cu la r i s found. 
t e r r i t o r y judged 
s even up among 
heavi ly wooded 
and most d i f f i c u l t to penetrate to water 's edge, 
b) Ae r ia l Survey of Aroostook River 
The he l i cop te r was used on August 9 to scan r i v e r from 
i t s mouth westward to the United States - Canada border. The banks 
above the dam at Tinker did not look l i k e bothering with in our 
ground observations The area around the dam, bui^lt in 1906, and 
f o r a l i t t l e way eastward, was much disturbed. Tho bank below Four 
Fa l l s should be examined again. 
C. DESCRIPTION OF HABITATS AND SPATIAL RELATION-
SKIP5 UITHIN STATIONS OF PEDICULARIS FURBISHIAE. 
I . Introduct ion 
A knowledge of the geology, physiography, hydrology and 
vege ta t i ve cover of the area i s basic in understanding the habitats 
in which P o d i . - , ruvhIr-hi^o and other rare plants grow. A 
b r i e f account of each i s g iven. 
a) Ceology and So i l s 
The f o l l ow ing account i s gleaned and summarized from 
the publ icat ions of Young (1913), Lee (1955, 1961), Anoi. (1959, 
1973) and Fagan (1965) The bedrocks underlying the area belong 
to the S i lur ian Period of the Paleozoic Era. They are sedi-
mentary rocks consist ing of .shales, grey calcareous s la tes , conglo-
merates, a r g i l i t e s , sandstones and l imestones. The rocks of a 
l o ca l area may be any one of these types or they may be a mixture 
of severa l . 
In our area outcrops occur mostly in the St. John River 
Va l ley where i t has cut through the surface sediments. 
Rock outcrops occur in a few of our search s i t e areas 
namely: s i t es 2, 5 at the cataract and gorge at Grand Fa l l s . 
At s i t e s 26, 27, on shore and in the rapids. 
The bedrock in the area is covered by a thin or thick 
layer of P le is tocene and recent sediments. They are mostly g l a c i a l 
t i l l composed of s i l t y , g rave l l y sand with cobbles and boulders. 
The r i v e r adds i t s alluvium. The so i l s also r e f l e c t the charac-
teristics of the underlying rocks. Below Grand Fa l l s , there i s 
a reg ion character ized by outwash grave l s . Old r i v e r terraces 
are a f eature of the St . John River Val ley These are more plen-
t i f u l below tho Fa l l s than above i t . 
b ) P h y s i o g r a p h y 
Our area of soarch, according to Anon. (1973), i s located 
wi th in the physiographic d i v i s i o n known as the Chaleur Uplands 
Most of tho Northern sect ion of Maine^s in the same d i v i s i o n ^ 
H4-
c ) Vegetat ion 
Loucks (1961) has devised a f o r es t c l a s s i f i c a t i o n f o r the 
Maritimos. In New Brunswick two of his f o r e s t zones are represented 
in our area: 
(1 ) Sugar I-'ap]e - Ash Zone - Saint John River 
Ecoregion, (Carleton D i s t r i c t ) i s found along 
the St . John River Val ley below Grand Fa l l s . I t extends southward to 
about Pokiok. This f o r e s t zone i s unique in New Brunswick because 
i t has t rees and other vegetat ion found nowhere e lse in the Pro-
vince . 
The zone is characterized by the presence of butternut, 
white ash, ironwood and basswood in an associat ion dominated by 
sugar maple and beech. Red spruce and eastern hemlock are sparse 
and confined to steep s lopes. I l l - d ra ined land is usually occupied 
by whito cedar, black ash, red maple. Elm is common as are white 
sprucc and balsam f i r . 
Some of the l esser plants of the zone are wi ld g inger , 
b loodroot , black raspberry, maiden hair f e rn , Go ld ie ' s f e rn , sweet 
c i c e l y and spikenard. 
Some of our ground search s i t e areas are within this 
Ecoregion. S i te 38 with i t s population of Pedicular is Furbishiae 
being one of them. 
(2 ) Sugar Ilaple - Hemlock - Pine Zone 
The more northern f o r es t in our reg ion belongs in this 
zone and more pa r t i cu l a r l y in the Restigouche Ecoregion, Edmundston 
D i s t r i c t . The f o r e s t covers the area of the St . John River Val ley 
i 
above Grand F a l l s . 
This f o r e s t i s character ized by balsam f i r , white spruce, 
black spruce with white pine in cer ta in areas. Yellow birch is 
prominent among the other hardwoods such as sugar maple and beech. 
Red spruce and hemlock occur only l o c a l l y and wire birch i s p r a c t i c a l l y 
absent. Some of the l esser plants are wood soro l , bunch berry and 
w i ld l i l y - o f - t h e - v a l l e y which occur genera l ly under softwood stands 
on we l l drained s i t e s . Beaked hazelnut i s abundant under to lerant 
hardwoods where wood sorel and hobblebush are sparse. 
i 
of th is 
Search s i t e s 1 and 6 are wi thin tho southern l im i t s 
zone -
d) F l o r i s t i c Region 
The f l o r i s t i c regions of New Brunswick have not been de-
termine! or out l ined. Goodale (1862), as previously noted, divided 
Northern Maine in to two f l o r a l d i s t r i c t s . The more northern d i s t r i c t 
he ca l lod the St . John D i s t r i c t as i t s northern border was along 
the Upper St. John River . Our area must be considered as within th is 
d i s t r i c t as a l l of the charac te r i s t i c plants, he named within i t , 
are a lso found here. 
e ) Hydrology of St . John and Aroostook Rivers 
' The St. John River in our area i s subject to f luc tuat ing 
water l e v e l s in summer and winter- The water i s regulated by the 
dam at Grand Fa l l s , which was bu i l t and put in operation in 1928. 
The headpond of th is dam extends up r i v e r f o r almost 26 miles to 
tho v i c i n i t y of St . Bas i l e . 
The water l e v e l in the headpond i s raised or lowered on 
the c a l l to produce more e l e c t r i c i t y or to draw back on the amount 
produced and to contro l f l ood and run-o f f condit ions. The water 
4 * 
l e v e l in the headpond f luc tuates l ess than in the r i v e r va l l e y 
^ below tho dan because the idea l condit ion i s to keep the headpond 
as f u l l as poss ib l e . 
The Aroostook River water l e v e l s f luctuate in the 3ame » 
manner as in the St. John River Val ley The water l e v e l goes up 
or down depending -on the need f o r water to generate e l e c t r i c i t y or 
I to contro l run-o f f and f l o od water. This r i v e r i s contro l led by 
the dam at Tinker, N.B. I t was bu i l t in 1906. 
I I . Tho Population Areas of Pedicular is Furbishiae. 
Plants of Pedicular is Furbishiae were found growing 
in two d i f f e r e n t areas in our t e r r i t o r y - These have been designated 
Population Area I near Grand Fal ls and Population Area I I at mouth 
of L i t t l o R iver , New Denmark Parish. The areas are about 21; miles 
apart . 
/ 
a) Population Area I 
(1 ) Geographic Location 
West bank main stem St . John River , Grand Fa l l s Parish, 
V i c t o r i a County, N.B. Nearest v i l l a g e Hamlin, Me. Designated 
Search S i t e 1 of our inves t i ga t i ons . 
I t i s shown on Canada Topographic Map, 1 : 50,000, sheet 
21 0/1; and 21 N/1 (combined) Saint Andre, N.B. - Maine, Edit ion 2, 
1971; . A map i s appended to the report . 
(2 ) Universal Transverse Mercator Grid 
Reference zone 19T, 920127. 
(3 ) Plant Population 
m 
There are about 2Sk+ plants of Pedicular is Furbishiae 
scat tered along 1.2 miles of r i v e r bank. The plants are in groupBor 
patches which we have designated as s ta t ions . A stat ion may consist 
of one i so l a t ed plant or & group of plants separated from another 
plant or a group by a short or long distance of shoreline without 
p lants . There are 15 stat ions of plants in this area. The la rges t 
s ta t ion consists of about 59+ p lants . 
(1|) Descript ion of General Habitat, 
i Population Area I , S i te 1. 
The plants are growing at the water 's edge at the bottom 
o:* a steep slope covered with f o r e s t . The bank i s about 100 f e e t 
h:.gh. The f o res ted area i s about 0.25 miles wide from the r i v e r to 
about Highway 18, and i t extends about 1.25 miles along the r i v e r . 
I t i s t yp i ca l of the Sugar Maple - Hemlock - Pine Zone described on 
page iji*-
The r i v e r bank area i s ra re l y disturbed by v i s i t o r s and 
housing development along Highway 18 i s screened from the r i v e r 
by a good depth of f o r e s t . Very few people are anxious to go down 
or climb up the prec ip i tous bank of a hundred f e e t or more. 
The most s t r ik ing feature of the area i s the clean-cut 
l i n e where the f o r e s t and water meet and where Pedicular is Furbishiae 
grows. The usual shrubs o f a lder , wi l low and dogwood are present 
in very small numbers and do not c lu t t e r the shore. Although 
the r i v e r water l e v e l f l u c t u a t e s • i t usual ly does not subside 
enough to leave more than a few f e e t of cobbled beach. The 
water i s high most of the time because i t i s po l i c y to keep a f u l l 
headpond. Under these condit ions, there is p ra c t i c a l l y no deve-
lopment of beach vege ta t ion . 
HS 
The plants of Pedicular is are in some numbers along the 
bank and seem to be f l our i sh ing with good reproduction. I t can, 
thore fo re , be judged as a suitable habitat f o r the species. See 
photograph No. 1 . 
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1. VIEW OF ST- JOHN RIVER WEST BANK AT SITE 1, POPULATION AREA I , 
WHERE PEDICULARIS 
PHOTO BY GEO. II. STIRRETT. 
FURBISHIAE WAS FOUND. JULY 21 , 1977-
r 
1 r mrtti irnnr ~ ..Mffli I- II 11 ill fi m ir» inHii*filii)»)T> ^  
VIEV7 OF ST. JOHN RIVER EAST BANK AT SITE 6. AREA JUDGED UN-
SUITABLE HABITAT. ' JULY 21 , 1977- PHOTO BY GEO. M. STIRRETT, 
This type of habitat was not found on any other sect ion of 
the r i v e r panic in ' our t e r r i t o r y I t i s quite d i f f e r e n t in many res-
pects from the general habitat found in Population Area I I , S i t e 38, 
where the plants are growing on pieces of earth created by land-
s l i d e s or detached from the f o res ted bank by r i v e r erosion. Only 
one or two stat ions of the plant were found at s i t e 38 at the bottom 
1 I 
o f the steep s lope, the usual pos i t i on f o r them in s i t e 1 
S i te 1 i s also very d i f f i c u l t in many ways from the 
habitkit presented al Search S i te 6 across the r i v e r from i t . This 
\ 
s i t e i s much more open, the f o res ted bank i s only a narrow s t r i p , 
there are many clumps of alder and dogwood and an ample growth of 
beach vege ta t ion . See photograph No. 2. 
I •< 
b) Population Area I I 
(1) Geographic Location 
East bank St. John River , at mouth of L i t t l e R iver , New 
Denmark Parish, V i c t o r i a County, N.B. Nearest v i l l a g e North T i l l e y , 
N.B. Designated ground Search Site 38 of our inves t i ga t ions . 
The area i s shown on Canada Topographic Map, 1 : 50,000, 
sheet 21 J/13, Aroostook, Edit ion 2, I97i*. A map i s appended to 
th is r epor t . 
(2 ) Universal Transverse Mercator Grid 
Reference zone 19T, 999889. 
(3 ) Plant Populations 
There are about 70+ plants of Pedicular is Furbishiae 
scat tered along 0.8 miles of r i v e r bank. The plants are in groups 
S o 
or patches which we have designated as s ta t ions . There are 10 
s tat ions in th i s population. 
(1*) Descript ion of General Habitat, 
Population Area I I , S i te 38. 
The general habitat and s i tua t i on of the plants are d i f f e -
rent from those growing in Population Area I and i t was a surprise 
to f ind plants here. The area can be described as much more open 
than in area I f o r a number of reasons:- although the f o r es t i s 
present on a steep slope i t has not the depth and extent of that 
of area I . During the summer a f t e r the spring f reshets the r i v e r 
water i s low and there i s l e f t a wide cobbled beach and at th is 
par t i cu la r area some rock outcropping in the middle of the v a l l e y . 
There i s no neat, uncluttered l i n e where f o r es t and h i l l meet with 
the water. Most of the plants are growing or associated with lumps 
of earth der ived from e i ther h i l l s l ides or r i v e r bank erosion. 
They have been carr ied in most cases a few f e e t away from the bottom 
of the slope tov/ard the r i v e r channel. 
There i s a minor road and some farm f i e l d s on the top of 
the h i l l forming the bank but the f o r e s t i s extensive enough to 
i s o l a t e these features and any a o t i / i t i e s associated with thern. Pew 
people v i s i t the area, except to go swimming in the L i t t l e River 
near i t s mouth and to p icn ic on i t or on the St. John River shores 
at the mouth of L i t t l e R iver . Fortunately, the plant population 
of Pedicular is Furbishiae does not bogin un t i l some hundred yards 
south of the r i v e r mouth. 
This Population Area i s s i tuated in the Sugar Maple -
Ash Zone, St. John Rivor Ecoregion, Carleton D i s t r i c t of Loucks 
(1961) The zone i s character ized by the presence of butternut, 
51 
white ash, ironwood and basswood in associat ion with sugar maple 
and beech. Red spruce and eastern hemlock are found sparingly- I l l -
drained areas have white cedar, black ash and red maple Elm, 
white spruce and balsam f i r are common. 
H I . Catalogue of Selected Stat ion Habitats. 
a) Population Area I , S i te 1 
•Station 
1 On gentle slope at bottom of steep bank about 100 f e e t 
high. Date examined, July 20. 28 f lower ing plants, 
31+ young p lants , t o ta l 59+ plants. A healthy group 
of plants with good reproduction as shown by large number 
of young plants 
So i l sandy grave l to pure sand. A dry r i l l close by but 
s o i l moist in whole area of plant growth. Plants growing 
in p a r t i a l to dense shade Overhanging plants not 
very close to Pedicular is but a lder , mountain maple, 
ye l low birch, white spruce, balsam f i r , ash and trembling 
aspen are above plants to form a canopy. Ver t i ca l 
distance above water, 3 f e e t , hor izonta l distance from 
water, f e e t , at outside edge of plant group, some 
plants 10 f e e t in from water. 
Other plants wi thin 10 f oo t radius: - mosses, Equisetum 
sp . , Luzula sp. , Pyrola sp., Galium sp., V ic ia sp., 
Amphicarpa bracteata, Ara l i a nudicaulis, D i e r v i l l a lonicera , 
Thalictrum sp . , Acer spicatum (very young), Corylus 
cornuta (very young), Anemone canadense. 
Plants growing in a bed of moist moss, with very small 
ulants of the above, intermingled with P*Mi ml Rflfcs 
2. In very small open glen at bottom of steep bank about 100 
f e e t high. Examined July 20. Area containing plants 
10 x 12 f e e t . Distance south east from stat ion 1 about 
15 f e e t . Number of p lants , 8 f lower ing 20+ young, 
t o t a l 28+. Reproduction good. So i l dark g rave l l y , 
d r i e r than usual, but s t i l l moisture in s o i l . Not as 
shady as usual because of openness of area. Distance 
from water hor i zonta l , 6 f e e t , v e r t i c a l , 5 f e e t . No 
close overhanging shrubs. Distance to next s tat ion, 25 
f e e t south east . Plants within 10 f oo t radius - mosses, 
anri minute plants of the f o l l ow ing kinds - Epilobium 
sp. , Aster sp. (hear t - l eaved ) , Solidago sp., Betula sp. 
( w i r e ) , Abies baloamea, Actacq rubra, Rubus so ( t r a i l i n g ) , 
V ic ia sp., Galium sp., Hieracium canadense, Ara l ia nudi-
cau l i s , f i n e grasses (2 species) 
3 . At bottom of steep 100 foo t high forested bank slope a l -
most perpendicular. Date examined, July 20. 10 f lower ing 
plants and 2 young f o r a t o ta l of 12. Reproduction poor. 
So i l moist grey sandy grave l . Area covered by plants 
12 x 12 f e e t . Overhanging plants speckled a lder , white 
spruce, balsam f i r . Very close to water, hor i zonta l , 
12 inches, v e r t i c a l d istance, 16 inches. 
Plants wi th in a 10 f o o t radius of centre of p lan ts : -
mosses, t a l l grasses (one c o l l e c t e d ) , Cornus canadensis, 
A ra l i a nudicauli3, Amebicarpa bracteata twining around 
Ped icu lar i s , Gymnocarpiurn dryopter is , Linnea bo r ea l i s , 
Pyrola sp. , Acer spicatun, Amelanchier sp. 
Remarks: The plants are so c lose to the r i v e r water, i t 
^ appeaj^they m i g h t j ^ washed away by high water-
On bottom of steep 100 f e e t high f o r es t ed bank. Exa-
mined July 20. 8 f l owe r ing plants and 1 young, t o t a l 
9+- So i l grey g r a v e l l y sand, quite moist although the 
s i t e i s s i tuated across a dry r i l l . Hor izontal distance 
from water, 6 inches, but one young plant 15 f e e t up 
s lope . V e r t i c a l distance to area of f i r s t plants from 
water '3 edge, 8 inches. Distance to next s t a t i on , 30 f e e t 
south eas t . 
Other plants w i th in a 10 f o o t diameter not taken. 
Remarks: The f l owers of Ped icu lar is were showing yel low 
co lour , the f i r s t date and s ta t ion at which thi3 was seen. 
This populat ion growing in a s l i gh t depression in the 
i 
steep h i l l s i d e . On r i g h t a wet springy bank with a very 
s l i g h t gu l l y The whole area i s about the wettest seen. 
I t i s an open area about 50 f e e t across but main area 
only about 20 f e e t wide with vegetat ion above plants 
forming a canopy above and on both sides 50 f l ower ing 
plants and numerous young. The most populous s i t e 
d iscovered . The plants are healthy looking said l a r g e . 
Mr. Richard Dyer on his v i s i t , August 8, remarked they 
were l a r g e r and more healthy looking than any he had 
seen in Maine on his recent v i s i t there . He also said the 
hab i ta t here was quite d i f f e r e n t than was found there 
The s o i l i s grey in colour and g r a v e l l y . The plants are 
shaded, e s p e c i a l l y in morning. I t i s one of the most 
open areas seen. Dates examined, July 20, August l* and 8. 
Very few overhanging plants and these were some d is -
tance away or above Ped i cu la r i s . Overhanging plants were : -
Amelarchi or s r . . Tha] j ctrun sp. , Galium sp. , Eupatorium 
maculatum, Acer spicatun, Alnus rugosa. 
The hor i zonta l distance from normal water l e v e l from 0 to 
7 f e e t . Some r i gh t on edge. Ve r t i ca l d istance, 2 f e e t , 
but on th is day water was low and 15 f e e t away- Distance 
to next s ta t i on about 50 f e e t south eas t . 
Plants within 10 f o o t rad ius : - mosses, grasses, Cp.rex 
sp . , Epllobiuu. sp . , A th y r l um t)\o 1 yp t e r o i dc s, Imp at lens 
capcnsi s, ITe 1 eni a dof 1 o.:•; p , Ranunculu.a r.p . , Lyslmachip 
c i l i a t a , V ic ia sp . , D l e r v l l l p lon icorn , Athyrium f i l i x -
femirm, Vcratno\ v i r i d e . 
Remarks: This i s the most populous s ta t ion discovered. 
I t a lso i s the wet tes t and most open s i t e along th is bank 
o f the r i v e r . (Populat ion Area I ) See photographs 
numbers 3 on page 55 and- 4 on page $6. 
8. At edge of water at bottom of steep (lj.5° angle ) f o r e s t ed 
h i l l s i d e 100 f e e t h igh. Plants mostly on s o i l formed on 
upturned roots o f speckled a lder . Examined July 11 and 20. 
8 f l owe r ing p lants , numerous young arid ramains of 11 l a s t 
y e a r ' s f l ower spikes. Reproduction good. So i l i s a 
g rey ish sandy g rave l . Moist from seepage a l l along 
bank but no running water . The s ta t i on i s f a i r l y open and 
p lants were r e c e i v ing sun to deep shade at 9:30 A.M. 
E.D.T The p lants overhanging were : - Populus tremuloides, 
Corylus cornuta, Alnus rugosa, Abies balsanea, Sambucus 
pubens. The hor i zon ta l distance from water extended in 
about 10 f e e t . The v e r t i c a l distance above water, l\. 
f e e t . 
Associated plants within radius of 10 f e e t were:-
mosses, Ecuisetnm sp.. Epilobium p.landulosun, Ribes 
sp• ( currant ) , Prenanthes sp., Athyrium the lypter io ide3, 
Galium sp. , Hieraclurr. canadense, Impatiens capensis, 
Ranunculus sp. , grasses, 3 species, Frap.aria sp. 
Small f l a t t i s h area at base of steep h i l l , s o i l and 
plants supported by roots of large f a l l e n poplar t r ee . 
Examined July 11 and 1lj_. 8 f lower ing plants and numerous 
young ones. So i l moist f i n e grave l . Plants receive 
from l i g h t to dense shade. Horizontal distance from 
water, 5 f e e t . Ve r t i ca l distance, 3 f e e t . Plants over-
hanging Ped icu lar i s : - Acer spicatum, Abies balsamea, 
Alnus rugosa, Amelanchier sp. Plants within c i r c l e of 
10 f e e t diameter:- mosses, crustose-l ichens, t a l l grasses, 
Corylus cornuta, Pyrola r o tund l f o l i a , D i e r v i l l a lonlcera, 
Thuja occ identa l i s (very smal l ) , Dryopter is 'phegopter is. 
Seo r.hoto-~:v.ir>hs No. ^ on e and 6 on pa:/' 57 
I t y . 
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b) Population Area I I , S i te 38 
Plants growing on small pieces of earth which have s l i d 
from bank at edge of f o res ted h i l l . The s l ide or bank 
erosion remnants r es t some 20 f e e t from bottom of h i l l 
and some 100 yards from r i v e r water as the water i s at a 
low per iod . Examined August 20. 10+ f lower ing plants 
with some young ones. The s o i l i s gravel with small 
rocks intermixed and moist with seepage. 
The habi tat i s more open than any seen in Population 
Area I , near Grand Fa l l s . Plants here would rece ive 
l i t t l e shade from the i r immediate surroundings. 
Plants w i th in 10 f o o t rad ius : - mosses, Equisetum sp. t 
grasses , Populus tremuloides (very smal l ) , Alnus ruposa 
( ve ry sma l l ) , Sa l i x sp. ( v e ry smal l ) , Fraparia sp . , t  
Erigeron so . , Aster sp. , V i c i a sp. , Anemone canadense, 
D i e r v i l l a l on l c e ra , Halenia de f l exa , Prunella sp. , 
Clematis v e r t i c i l l a r l s , hysimachia c i l i a t o . 
On o ld bank s l i d e 20 f e e t out from steep bank, and about 
100 yard3 from r i v e r water . Examinod August 20. 10 
f l owe r ing plants and a few young ones. So i l moist grave l 
wi th many stones in i t , some areas nearby with exposed 
small boulders. Area qui te exposed as i t has no t ree 
canopy The only shade provided i s by scat tered very small 
a l de r , w i l low and aspen seed l ings . 
Plants wi th in a 10 f o o t radius vie r e : - Parnassia sp . , 
Lobe l i a I-ialmii, mosses, l i v e r w o r t s , Equisetum sp. , and. 
A m p h i c a r p a brae teat.a. 
On old earth s l i de but nearer steep h i l l s i d e than former 
s t a t i ons . Examined August 20. 9 f l ower ing plants and 
many young ones. Two very l a r ge p lants , one with 3 
f l owe r ing spikes (not branches) and one wi th 8 f l owe r ing 
heads. 
S o i l wet spongy g rave l with sand, boulders and c lay- The 
co l o r of s o i l i s browner than usual. 
Thi3 group of p lants i s back at base of steep h i l l s i d e in 
dense shade and almost covered by Equisetum sp. Over-
hanging i s a l a rge white cedar t r e e . 
Plants within 10-^oot rad ius : - mosses, Equisetum sp. f  
Mel i lo tus alba, Amphicarpa bracteata, V ic ia sp. , Aster 
sp . , Galium sp. , Chelona glabra. 
5- An old earth s l ide and tangled roots of t rees about 10 
f e e t from edge of steep bank and many yards to r i v e r 
water . Examined August 20. 6 f lower ing plants and 
1 1 / 
many young. The^area i s f a i r l y open but overhanging 
i s an immense white cedar t r e e . 
The associatje^l plants within the 10 f oo t radius were : -
mosses, l i v e rwor ts and Equisetum sp. Some of the 
Pedicular is plants and many of the small young ones 
were growing in a dense ground cover consist ing of 
the above mentioned plants . 
i 
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REPORT ON FIELD RECONNAISSANCE FOR PEDICULARIS FURBISHIAE AND CAREX 
\ 
JOSSEDfNII DURING THE SUIIMER OF 1977 
AREAS SURVEYED: Meduxnekeag River, north and south branches from U.S. border 
to Woodstock, N.B. where it joins the St. John River. Twelve areas were 
explored, six on each bank of the river- Negative results. 
f 
j St. John River from Woodstock, N.B. to mouth of the Aroostook River-
Twenty-six areas explored, ten on the west bank and sixteen on the east 
bank. Negative results on the actual river bank. 
Tobique River from headwaters near Nictau, N.B. to confluence with the 
St. John River- Negative results. 
HABITAT SUITABILITY: Criteria chosen for field exploration for possible sites 
of Pedicularis Furbishiae include the following-
1. Habitat must be sloping towards the north, northeast or northwest 
2. Habitat must be well drained and stabilized 
3. Habitat must be shaded by open shade of conifers or mixed conifers and 
acid tolorant hardwoods 
k ; Habitat must border the St. John River or major tributary 
5. Habitat must not be thickly overgrown with grasses and other herbaceous 
plants 
6. Associated plants must indicate an acid substrate 
Habitat potentially suitable for supporting P. Furbishiae is marked with 
blue marker on maps numbers 16,21,26,31 and 37 (see enclosed). 
Criteria chosen for field exploration of possible sites for Carex 
Josselynli include the following-
1. Meadows and damp shores 
2. Vicinity of upper St. John River 
% 
NUMBER OP PLANTS: Forty (Ho) plants of P. Furbishiae were found in a railroad 
cut about l/H mile above the confluence of the Aroostook and St. John Rivers. 
i 
Of these, twenty-seven were flowering, six were full grown but not flower-
ing, and seven were probably in their first year of growth. 
PLANT ASSOCIATIONS: The following plants were found growing within a 3 m radius 
of the colony-
Acer rubra (seedlings) 
Achillea millifolium 
Actaea rubra 
Agropyron trachycaulum v. glaucum 
Anemone riparia 
Aster cordifolius 
Aster umbellatus 
Athyrium filix-faemina 
Betula papyrifera (seedlings) 
Bromus c H i a t u s 
Chrysanthemum leucanthemum 
Cornus rugosa 
Diervilla lonicera 
Dryopteris disjuncta 
Equisetum arvense 
Fragaria virginiana 
Galium triflorum 
Helenia deflexa 
Hieracium canadensis 
Hieracium pratense 
Hypericum perforatum 
Lilium canadense 
Linaria vulgaris 
Muhlenbergia mexicana 
Maianthemum canadense 
Oenothera biennis 
Picea glauca 
Pleurozium Schreberi (a moss) 
Prunella vulgaris 
Quercus rubra (seedlings) 
Solidago gigantea 
Solidago canadensis 
Solidago hispida 
Solidago rugosa 
Taraxicum officinale 
Trifolium agrstrium 
Trifoliura pratense 
Vicia cracca 
Viola pallens? 
Viola pensylvanica 
Viola renifolia 
uncommon 
frequent 
uncommon 
frequent 
uncommon 
uncommon 
uncommon 
uncommon 
Vine ommon 
rare 
rare 
rare 
common 
uncommon 
uncommon 
uncommon 
rare 
frequent 
uncommon 
frequent 
rare 
rare 
uncommon 
uncommon 
frequent 
rare 
frequent 
common 
frequent 
uncommon 
uncommon 
rare 
uncommon 
rare 
rare 
frequent 
frequent 
common 
frequent 
rare 
uncommon 
3 
SPECIES LOCATION: Only one station was found of Pedicularis Furbishiae by this 
investigator. No locations were found for Carex Josselynii. The former 
was found in a railroad cut in a triangle of land formed by the con-
fluence of the Aroostook and St. John Rivers about l/2 mile north of 
Aroostook^ N.B. in Victoria County (see map § 21). 
The colony of about plants is situated on the eastern side of a 
railroad cut and faces northwest. The location is about l/b mile from 
both the St. John and Aroostook Rivers. The colony measures about 10 m 
wide by 5 m high. The site was burned within the last year and has been 
partly exposed by the cutting of small spruces along the lower slope. 
The railroad tracks are about 5 ra from the nearest specimen. 
The site appears to be of low pH as deduced from the plant assoc-
iates and is overtopped at the top of the slope by mature Pinus strobus 
and Quercus rubra and smaller Acer rubra and Betula papyrifera. The 
top 1 2 ra of the slope is occupied by thick growths of Diervilla lonicera. 
The soil is rich, dark brown to black and moist and consistently covered 
by pleurocarpous mosses. The subsoil is unconsolidated gravelly glacial 
till. The entire slope, with an angle of about U 5
0
 is completly stabilized 
with vegetation. The slope was in full sun from about 2-3 p.m. in last 
August. 
August 31, 1977 
Harold R. Hinds 
1 
Report on Survey of the St. John River, Maine and 
some of its Major Tributaries for Furbish's Lousewort, 
Pedicularis furbishiae and Josselyn's Sedge, Carex josselynii 
During the summer of 1976 I was engaged by the Army Corp of Engineers 
to survey the St. John River, Maine for rare and endangered plants. This 
was part of an environmental impact study being conducted for the proposed 
Dickey-Lincoln Hydroelectric Project which would impound a large area 
of the St. John River and some of it's tributaries. Twelve plants, 
occurring in this area, were chosen as being rare and could become 
endangered in Maine if the dam was constructed. Ten of the plants were 
northern or western species which reach their south-eastern-most range 
along the St. John River in Maine. The other two plants were endemic to 
the St. John River Valley and had been found nowhere else in the world. 
These were Furbish's lousewort, Pedicularis furbishiae and Josselyn's 
sedge, Carex josselynii. Both of these plants had not been collected 
for many years. Furbish's lousewort, last collected in 1946 at Fort 
Kent, was listed by the Smithsonian Institute in its "Report on Endangered 
and Threatened Plant Species in the United States" as being "probably 
extinct." The first day I arrived at Allagash to start the survey I 
discovered several plants of Furbish's lousewort on the bank of the 
St. John River in the vicinity of Negro Brook. Later more lousewort plants 
were found in similar habitat? but all within the township of Allagash 
and all within the impoundment area of the proposed dam. A helicopter 
was used to explore the more remote areas of the St. John and some of 
its major tributaries. Several of the other rare plants were found 
in considerable numbers on the St. John River upstream from Allagash but 
the lousewort was not encountered in the areis checked. The tributaries 
of the St. John River, the Big B'iack River, the Little Black River, and 
OMmenticaok Stream lacked suitable habitats for the rare plants for 
which we were searching. Josselyn's sedge was not found anywhere during 
the survey. There is some doubt whether Carex josselynii is a good species 
or not. It is not recognized as a distinct species by Gleason in his 
treatment of the genus Carex in the "The New Britton and Brown Illustrated 
Flora of the Northeastern United States and Adjacent Canada." 
In 1977 I was engaged by the Army Corp. of Engineers to make a 
further search for Furbish's lousewort and Josselyn's sedge both within 
and without the proposed impoundment area of the Dickey-Lincoln Dam. 
This included a survey of the St. John River from its headwaters to 
Hamlin, Maine, the Allagash River, the Fish River, the Aroostook River, 
and the St. Francis River from Glazier Lake to St. Francis, Maine. The 
field work for this survey took place during July 25 to August 5. The 
first, week, with the use of a car and a canoe I surveyed the Aroostook River 
from Presque Isle to Fort Fairfield and the St. John River from St. Francis 
to Hamlin. 
The Aroostook River was canoed from Presque Isle to Fort Fairfield 
and numerous stops were made to check the river bank for Furbish's lousewort 
and Josselyn's sedge. For most of the way cultivated fields occurred 
right to the river bank and elsewhere the shores were covered with a 
dense growth of the tall reed canary grass, Phalaris arundinacea. There 
were no suitable habitats for Furbish's lousewort. Josselyn's sedge was 
not encountered. 
3. 
The St. John River was canoed from St. Francis to Hamlin, Maine 
and many stops were made to investigate the shoreline and river bank. 
This survey took five days. Five stations of Furbish's lousewort were 
discovered along this stretch of the St. John River- all below the 
impoundment area of the proposed Dickey-Lincoln Dam. A description of 
these stations follows: 
Station 1 - Two miles west of the St. John town line in St. Francis. 
Here the riverbank was close to the main highway with a house and lawn 
between the highway and the river. The landowner is Treffle Jandreau. 
The lousewort occurred on the steep bank which decended from the lawn to 
the cobbly shore. Spruce trees rimmed the top of the bank providing shade 
for much of the day. Thirty five plants of lousewort were counted. 
Associates of the lousewort included Alnus crispa var moll is, Cornus 
stolonifera, Acer spicatum, Vicia cracca, Silene cucubalis, Aralia 
nudicaulis, Lychnis alba, Fragaria virginiana. The soil was pebbly with 
very little humus layer This is a very precarious habitat since the 
landowner was constructing a stairway down the bank through the colonies 
of lousewort. Also destruction of the spruce trees on the rim of the bank 
or dumping of debris over the edge of the bank could alter the habitat 
making it unsuitable for the existence of the lousewort. I am sure altering 
the habitat along the bank of the St. John River has led to the disappearance 
of the lousewort along much of its length in Maine. 
Station 2 - One mile west of the St. John Bible Church in St. Francis. 
Between here and the St. John town line I counted fifty seven plants of 
Furbish's lousewort. The habitat here was similar to that of Station 1. 
The steep bank was rimmed along the top by spruce providing shade for 
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much of the day. The soil was gravelly with a very thin humus layer 
Several species of mosses grew on the surface layer Associates within a 
ten foot radius of the lousewort were Alnus crispa var. mollis, Cornus 
stolonifera, Acer spicatum, Salix sp., Fragaria virginiana, Spiraea 
1 atifolia, Vicia cracca, Campanula rotundifolia, Trifolium pratense, 
Anaphalis margaritacea, Castilleja septentrional is, Diervilla lonicera, 
umbellatuS, Trifolium hybridum, 
Lysimachia ciliata, Calamagrostis canadensis, Equisetum arvense, Aralia 
nudicaulis, Chrysanthemum leucanthemum, Thalictrum polygamum, Anemone 
canadensis, Galium sp., Lactuca sp., Hieracleum maximum, Polygonum 
convolvulus, Athyrium felix-femina, Trifolium agrarium, Prunus virginiana 
and Conioselinum chinense. Mosses covered much of the soil surface. 
Station 3 - Two miles west of sign leaving Fort Kent for St. John, 
St. Francis and Allagash in the township of Fort Kent. Here along a stretch 
of about a quarter of a mile were about twenty plants of the lousewort. 
The habitat was similar to the previous two stations in St. Francis, a 
steep bank rimmed by spruce trees above. The principle associates here 
were Alnus crispa var- mollis, Cornus stolonifera, Calamagrostis canadensis, 
Aster umbel!atus, Populus balsamifera, Ranuncalus acris, Rubus pubescens. 
Mosses covered much of the soil surface. 
Station 4 - One half mile below bridge to Canada at Van Buren. Here, 
on a steep bank rimmed with spruce, were found about 20 plants of Pedicularis 
furbishiae growing among dense Alnus crispa var mollis. These occurred 
about fifteen feet from the water on a shelf of the steep bank. Associates 
within a ten foot radius were Alnus crispa var- mollis, Populus tremuloides, 
Populus balsamifera, Betula papyrifera, Picea glauca, Picea rubens, Salix s£., 
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Corylus cornuta, Acer spicatum, Rosa sp., Anemone canadensis, Aster sp., 
Vicia cracca, Athyrium felix-femina, Helenia deflexa, Aster umbellatus, 
Fragaria virginiana, Lysimachia ciliata and Diervilla lonicera. The 
soil was thin with large pebbles and a thin humus layer Moss covered 
much of the surface layer This bank faced east and received the morning 
sun whereas in the previous stations the banks faced primarily north and 
received only a small amount of sun in the late afternoon. 
Van Buren was the locality where the lousewort was first collected 
in Maine in 1880 by Kate Furbish. Whether this is the spot where she made 
her original collection is not known as her description of the site was 
only "riverbank of the St. John River at Van Buren." I suspect that at 
that time the lousewort was more widespread along this section of the river 
but has become restricted to this one area as a result of cutting of the 
forest along the riverbank and altering the bank by dumping and filling. 
Upon discovery of this site I realized that all sites located, including 
this one, were on benches of fairly steep banks below spruce-lined rims. 
Also, except for one locality, all the colonies were associated with the 
alder, At the Van Buren station a large number of plants were found only 
after parting the alder branches in search for them. 
Station 5 - 4.7 miles south of the junction of Rt. 1 and Rt. 165 
in Van Buren in Hamlin Plantation. Here about 30 plants of the lousewort 
were found on a steep river bank rimmed above with spruce. These colonies 
occurred on a slight, mossey bench about 10 to 15 feet from the water. 
Associates within a ten feet radius included Alnus crispa var mollis, 
Picea glauca, Picea rubens, Abie^s balsamea, Cornus stolonifera, Acer spicatum, 
Diervil la lonicera, Lisimachia ciliata, Thaiictrum polygamum, Hieracium 
canadense, Actaea rubra, Eupatorium maculatum, Calamagrostis canadensis, 
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Rijbus pubescens, and Athyrium fel ix-femina. 
Most of the riverbank from St. Francis to Hamlin lacked a suitable 
habitat for Furbish's lousewort. Along much of this section potato fields 
occurred right to the bank with no shade being provided by spruce. Even 
where hardwoods such as Populus balsamifera, Betula papyrifera, Populus 
tremuloides and Fraxinus americana occurred along the bank no lousewort 
plants were found. Furbish's lousewort seems to be restricted to steep 
banks with spruce rimming the top. Here it occurs on a slight shelf above 
high water line and is most always associated with alder. The soil surface 
is usually covered with mosses. 
The second week was devoted to a survey of the Fish River from Eagle 
Lake to Fort Kent, the St. Francis River from Glazier Lake to St. Francis, 
the Allagash River from Eagle Lake to Allagash and the St. John River from 
Baker Lake to St. Francis. In the survey of these areas I was accompanied 
by Richard Dyer of the Army Corp of Engineers and for transportation we 
were provided with a private helicopter. This enabled us to fly low along 
the rivers and spot suitable habitats for investigation. A check by helicopter 
of the Allagash River, the Fish River, and the St. Francis River yielded no 
suitable habitats for Furbish's lousewort. No plants of Josselyn's sedge 
were seen at the stops we made along these rivers. Along most of the banks 
of these tributaries the forest reached to the waters edge and there were 
no open banks or shelves where the lousewort might occur 
However, a search of the St. John River upstream from Allagash to 
Baker Lake yielded many suitable habitats for Pedicularis furbishiae, 
although at most of these the plant was not found. Seven new stations were 
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discovered between Allagash and T14 R13 WELS. These were all within the 
impoundment area of the proposed dam. A description of these stations 
follows: 
Station 1 - T14 R13 WELS. Thirty plants of Furbish's lousewort were 
counted along one mile of the right bank of the St. John River where it 
makes a deep bend in the northwestern corner of this township. These 
occurred on a slight bench of the steep bank. Alnus crispa var, mollis was 
a constant associate. Spruce occurred along the rim of the river bank. 
The soil was pebbly with a thin humus layer. Mosses covered the soil surface. 
Two large clumps of Arnica moll is, a rare plant in Maine, were seen in the 
area. 
Station 2 - T15 R13 WELS. About the middle of the township on the 
right bank of the river Nine plants of the lousewort were counted along 
one half mile of the river bank. The habitat was similar to that of 
Station 1. The bank was moist and moss covered most of the soil where the 
lousewort occurred. Common associates of the lousewort were: Alnus crispa 
var mollis, Rubus pubescens, Thalictrum polygamum, Aster macrophyl1 us, 
Picea glauca, Picea rubens, Thuja occidental is, Equisetum arvense, Eguisetum 
sylvaticium, Prunel la vulgaris, Aster umbellatus, Vicia cracca, Actaea rubra, 
Hedysarum alpinum var- americanum, Fragaria virginiana, Achillea millefolium, 
Agropyron sp., Anaphal is margaritacea, Aral ia nudicaul is, Sal IX SJD. , 
Galium sp., Arnica mollis. 
Station 3 - Below Poplar Island Rapids, Allagash. Here eight lousewort 
plants were counted on a cobbly sloping beach about thirty feet from the 
river edge on the right bank. The soil had a very thin humus layer and 
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mosses covered much of the surface. Common associates of the lousewort 
were: Alnus crispa var. mollis, Aster macrophyllus, Vicia cracca, Betula 
papyrifera, Trifolium hybridum, Fragaria virginiana, Salix sp., Aster 
umbellatus and Pteridium aquilinum var. latiusculum. Several plants of 
Arnica mollis were also found along this stretch of river bank. 
Station 4 - T16 R12 WELS. Right bank of river above Fox Brook 
Rapids. One colony of Furbish's lousewort was found here on a slight shelf 
above the cobbly shore. It consisted of seven plants. The habitat was 
similar to that of the previous three stations. Common associates of 
the lousewort here were: Alnus crispa var mollis, Equisetum arvense, 
Aster umbel!atus, Acer spicatum, Diervilla lonicera, Calamagrastis 
canadensis, Anemone canadensis, Vicia cracca, Actaea rubra, Thalictrum 
polygamum, Picea glauca and Picea rubens. 
Station 5 - T16 R12 WELS. Shore of St. John River opposite Castonia 
Farm. The habitat here was similar to the previous ones. Thirty eight 
plants of Furbish's lousewort were counted along one mile of shoreline. 
Common associates were Alnus crispa var mollis, Aster macrophyllus, 
Spiraea latifolia, Anaphalis margaritacea, Aralia nudicaulis, Hieracium 
canadense, Equisetum arvense and Calamagrostis canadensis. Spruce lined 
the rim of the riverbank. Castilleja septentrional is also occurred at 
this station although not an associate of Furbish's lousewort. 
Station 6 - T15 R13. Right bank of St. John River below confluence 
of Big Black River Here on a steep bank below spruce forest were counted 
twenty five plants of Furbish's lousewort. Associated plants were similar 
to those of previous stations. A number of plants of Castilleja septentrional is 
and large numbers of Hedysorum alpinum var americanum occurred at this 
station. 
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Station 7 - T16 R13 WELS. Left bank of St. John River above Castonia 
Farm. Here on a shelf above the cobbly and boulder-strewn shore thirty 
fou" plants of Furbish's lousewort were counted. The gravelly soil had 
a thin humus layer and mosses covered much of the surface. This was the 
first time that numbers of the lousewort had been seen on the left bank 
of the river The only previous occurrance of the lousewort on the left 
bank was a single plant at Big Rapids in Allagash. 
Beside the above stations for Pedicularis furbishiae there were 
many localities upstream from Allagash which seemed to be suitable habitats 
for the plant but at which the plant was not found. Among these localities 
were: 
T13 R14 WELS - Above and below Priestly Bridge on both sides of river 
T9 R17 - Southwest Branch of St. John River, right bank. 
Til R16 - Red Pine Grove Forest Service Airstrip, right bank of river 
T12 R15 - Below Six Mile Brook along right bank of river 
T12 R15 - One mile below Nine Mile Bridge, right bank of river 
In addition to locating the new stations for Pedicularis furbishiae 
the stations in Allagash where it was found in the summer of 1976 were 
rechecked and the numbers of plants counted. There were six stations between 
the St. Francis town line and Big Rapids. The habitats for these stations 
were very similar to those for the plants discovered in 1977. Downy Green 
Alder, Alnus crispa var mollis was always present and spruce occurred on 
the top of the bank. A total of two hundred and eight plants were counted 
along this section of the St. John River in Allagash. Common associates 
were: Alnus crispa var. mollis, Trifolium pratense, Trifolium agrarium, 
Cornus stolonifera, Picea glauca, Picea rubens, Diervilla lonicera, 
Epilobium augustifolium, Vicia cracca, Amelanchier sp., Populus tremuloides, 
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Betula papyrifera, Salix sp., Lysimachia ciliata, Thaiictrum polygamum, 
Fragaria virginiana, Equisetum arvense, Achillea millefolium, Agrostis alba, 
Chrysanthemum leucanthemum, Trifolium hybridum, Acer spicatum, Castilleja 
septentrional is, Spiraea latifolia, Eupatorium macalatum, Populus balsamifera, 
Ranunculus acris, Rubus pubescens, Aster macrophyllus, Calamagrostis 
canadensis, Anaphalis margaritacea, Campanula rotundifolia, Corylus cornuta 
and Actaea rubra. 
SUMMARY 
During two weeks in July and August the St. John River and some of 
its major tributaries in Maine were surveyed for the occurrance of Furbish's 
lousewort, Pedicularis. furbishiae and Josselyn's sedge, Carex josselynii. 
Carex josselynii was not encountered in the survey. The Allagash River, 
the St. Francis River, the Fish River and the Aroostook River had no suitable 
habitats for Pedicularis furbishiae and no plants were found. On the 
St. John River five stations for Furbish's lousewort were found from St. 
Francis to Hamlin. These stations are outside of the impoundment area of 
the proposed Dickey-Lincoln Dam. A total of 162 plants was counted at 
these five stations. 
From Allagash to T14 R13 WELS thirteen stations for Furbish's lousewort 
were found. These were all within the impoundment area of the proposed 
Dickey-Lincoln Dam. A total of 353 plants was counted at these thirteen 
i 
stations. 
Between T14 R13 WELS on the St. John River and Baker Lake there were 
numerous habitats which seemed suitable for Furbish's lousewort but where 
no plants occurred. 
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I . Introduct ion. 
ihe purpose of this study was to determine the physiological 
r e q u i r e m e n t s and reproductive characteristics of Furbish's 
lousewort (Pedicularis furbishiae S. Wats.) and to assess the 
p o s s i b i l i t i e s of successfully transplanting the species and 
suggest methods of relocation. 
Field studies were completed within the blooming period of 
the species from 11 July 1977 through 5 August 1977 Six 
d e s i g n a t e d populations of the plant were studied as follows: 
(#1) n o r t h bank of the St. John River downstream from the entrance 
o f Walker Brook at the downstream end of Big Rapids; (#2) south 
bank of the St. J o h n River opposite the St. Paul Mission cemetery; 
(#3) south bank of the St. John River just upstream from the 
entrance of Negro Brook to the south end of Gardner Island; (£4) 
south bank of the St. John River just downstream from the entrance 
of Negro Brook; (#5) south bank of the St. John River flanking 
the entrance of Wesley Brook; (#6) south bank of the St. John 
River just downstream from the entrance of Wiggins Brook opposite 
G o l d e n Rapids. The first five populations were located in Allagash 
Township; the-sixth was located at the west end of St. Francis 
Township. 
II Physiological Studies. 
A. Soil Analysis 
1. Physical characteristics. Soil samples were obtained 
w i t h a n Oakfield Model S-l sampler to a depth permitted by the soil 
structure. Samples #1-5 were collected successively upstream in 
p o p u l a t i o n #3 immediately adjacent to Pedicularis colonies. 
Samples #6-10 were similarly collected downstream in population 
#4 beginning at Negro Brook. Sarples #11-14 were collected from 
p o p u l a t i o n s #1, 2, 5, and 6, respectively- Samples to be 
a n a l y z e d for moisture content were placed immediately into 
w e i g h i n g pans and dried for 24 hours in a laboratory over at 110°C. 
Samples to be analyzed for soil composition and chemical character-
istics were passed through a n 18 x 14 mesh sieve and air-dried for 
24 hr. or longer, if necessary All soil samples were collected 
24 hr- after a moderate rainfall. Gravel content of samples was 
estimated from the residue of sieving. Percent sand, silt, and 
clay were determined by means of a LaMotte soil texture classifi-
cation and sedimentation unit (Code 1067). The clay fraction was 
determined by difference to ayoid possible error due to gel 
e x p a n s i o n by flocculation methods. Soil texture and color were 
d e t e r m i n e d from the air-dried samples. Drainage of soil was 
d e t e r m i n e d in the field at each respective site by noting the 
local topography and drainage pattern. Data for this analysis 
is contained in Tables 1 and 2 
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Table 1. Physical characteristics of soil samples. 
Sample No. Gravel (%) Soil ComDosition a ) Moisture (%) 
Sand Silt Clay 
1 30 53 37 10 14.6 
2 A i 0 87 5 8 10.3 
2 A 2 0 73 9 18 5.0 
i 
3 60 82 16 2 12.5 
4 50 80 19 1 14. 8 
5 50 83 13 4 10.1 
6 20 50 47 3 17.1 
7 10 67 30 3 14.9 
8 5 53 30 17 12.8 
9 0 47 27 25 31. 3 
10 10 93 4 3 12.1 
11 20 67 17 16 21.3 
12 0 43 47 10 38 . 4 
13 20 60 37 3 19 . 2 
14 40 87 10 3 14 .4 
Table 2. Physical characteristics of soil samples. 
Sample No. Soil Structure 
°2 A 1 
(in. ) 
A 2 
Texture Color D r a m a 
» 
1 0 0 2 4 sandy loam dark b r o w n good 
2 0 0 2 30 A^ sandy loam 
A^ sandy clay 
loam 
gray 
tan 
good 
good 
3 0 0.5 3 8 sandy loam gray good 
4 0. 5 0.5 2. 5 6 sandy loam dark b r o w n good 
5 0 0 2 16. 5 sandy loam brown good 
6 0 0 2 6 sandy silt 
loam 
brown good 
7 1 0.5 2 7 5 sandy loam gray good 
8 1 0.5 2 10. 5 sandy clay 
loam 
gray good 
9 0 0 2 4 silt clay 
loam 
dark brown good 
10 0 0 1 0(rock) sandy loam gray-brown good 
11 0 0 2 0(rock) sandy loam dark brown good 
12 0. 5 0.5 2 0(gravel) sandy loam very dark 
brown 
gooc 
13 0. 5 0 2 0(gravel) sandy loam gray brown gooc 
14 
* 
0. 5 0.5 2 0(sand) sandy loam gray gooc 
Cr-emica1 cher-'c t e r r t c s . Air-dried samples collected 
as .1 nd:leaded in section Ci.A,J above were used for ail cher.ical 
o a l x ^ i n a t i o n " . Procedures -r^e carried out bv means of LaMotte 
- ST-9 (Code 5036) and Model f?TH-5 (Code 5007 ) soil analysis 
'< vy> Thv.se units were choscn for their portability, accuracy 
Lv.in the limits required for this study, and reproducibility 
of results w i t h standard methods. Thus, if future studies of 
soil samples are required, their results may b e compared directly 
w i t h those obtained in this study- Data from the present study 
are included in Table 3. Numerical values are expressed in parts 
per m i l l i o n except for pH and humus. The latter is expressed in 
r e l a t i v e numerical values on the LaMotte scale. Values for 
a m m o n i u m nitrogen, magnesium, manganese, and a l u m i n u m are also 
expressed o n a LaMotte relative scale. All samples were: taken 
f r o m the A ^ horizon, to which Pedicularis furbishiae roots are 
c o n f i n e d , except sample #2 A2, w h i c h was taken from the A2 horizon 
directly b e n e a t h the #2 Aj layer. 
B. Climatic Factor Analysis. 
1. Temperature. Diurnal variations in air temperature 
w e r e recorded on a Bacharach Tempscribe thermograph for the entire 
study period. The instrument was located in the middle of 
p o p u l a t i o n #3, where investigations of pollination a n d reproduction 
Pedicularis were carried out. Temperature records from the 
instrument are" included in Table 4. Temperatures were seasonable 
except for exceptionally high temper?ture during a heat wave 
in the p e r i o d 16-2 0 July- Extremes in temperature for the period 
w o r e 4S°F a n d 89°F The m a x i m u m change in a 24 hr. period was 
34° F -
2. Solar radiation. Solar radiation wae measured by 
m e a n s cr a W e a t h e r Measure solar radiation recorder Model #C401W 
stationed in the middle of p o p u l a t i o n f- 3. Recordings were made 
for the entire study period. The recorder was positioned among 
v e g e t a t i o n in such a manner as to duplicate the partial shade 
in w h i c h the Pedicular-? s furhi s h i a 0 plants grow. The m a x i m u m 
r a d i a t i o n r e c o r d e d was 1.04 c a l . / c m 2 / m i n on 18 July. Cn 30 July 
the peak solar r a d i a t i o n was a minimal 0.15 c a l . / c m z / m i n . 
Instantaneous measurements of solar radiation w e r e made in 
individual p o p u l a t i o n s of Pedicularis w i t h a Gossen Tri-Lux 
food c a n d l e meter. Solar radiation striking the leaf surface in 
d i r e c t s u n l i g h t was 220 ft. candles under c l o u d c o v e r to 5000 ft. 
candles in extremely bright situations Since most of the leaves 
°f P e d i c u l a r i s are basal, h o w e v e r , readings were t a k e n u n d e r 
v e g e t a t i o n cover w h e r e these leaves and those of seedlings utilize 
a v a i l a b l e solar radiation. It was found that in b r i g h t sunlight 
s o . r r a d i a t i o n under vegetation cover was only 10% cf that in 
exposed situations. Thus in the open cn a bright day a reading of 
6 0 00 ft. c a n d l e s c o r r e s p o n d e d to SOD ft candles u n d e r v e g e t a t i o n 
cover. O n c l o u d y d a y s , h o w e v e r , the differential b e t w e e n the 
Table 3. Chemical characteristics of soil samples 
Samole no. pH •'N0
3
 -P "K #humus -
!
Ca NH, Ms Mn A1 "NO, 
:
Fe
 + + +
 - S 0
4
 --CI 
1 
2 A ] 
2 A, 
in 5 
10 
11 
6.6 
5.4 
4 . 0 
6.8 
6.2 
6 . 4 
6.8 
7 0 
6 . 6 
6.0 
5.4 
75 
50 
7 0 10 100 
50 >5 
25 <50 
50 <50 
5 100 <50 > 5 
25 < 5 0 
25 < 5 0 
10 > 5 
20 50 < 5 0 
25 < 5 0 
25 < 5 0 < 1 
2 8 0 0 
150 
150 
700 
60 > 5 1400 
2 < 1 5 0 
1400 
350 
350 
350 
15 < 5 0 < 1 < 1 0 0 
700 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
very 
low 
low none very < 1 
very 
low 
low 
low 
low 
very 
low 
very 
low 
very 
low 
low 
low 
medium 
low 
medium 
low 
medium 
low 
medium 
low 
low 
low 
low low 
low low 
low 
very 
high 
very 
high 
very 
low 
very 
low 
very 
low 
high 
<1 
<1 
<1 
<1 
<1 
<1 
very < 1 
low 
very < 1 
low 
high < 1 
medium medium < 1 
low 
very 
low 
low <1 
< 5 0 25 
< 5 0 25 
< 5 0 < 2 5 
< 5 0 25 
< 5 0 < 2 5 
< 5 0 < 2 5 
< 5 0 < 2 5 
<50 <25 
< 5 0 < 2 5 
< 5 0 < 2 5 
< 5 0 25 
50 < 2 5 
Table 3. (continued). 
Sample No. pH *N0g *P *K //humus *Ca NH^ Mg Mn A1 * N 0
2
 * F e
+ + +
 -SO^ »C1 
12 6.8 5 50 60 5 >2800 very low very low < 1 < 2 < 5 0 < 2 5 
low low 
13 5.4 5 40 55 1 700 very low medium medium < 1 8 < 50 50 
low low 
14 5. 2 5 25 50 1 < 1 5 0 very very medium medium < 1 8 < 5 0 < 2 5 
low low low 
"'parts per million 
//value on LaMotte scale from 1 to 5; humus
 =
 organic matter 
i 
i 
Table 4. Air temperature C°F.) for the study period. 
Date " 
Time 
0300 0600 d900 1200 1500 1800 21 0 J 2-00 
11 July — — — — 80 77 64 57 
12 52 50 60 72 76 77 70 65 
13 63 62 63 66 74 71 67 62 
14 59 57 62 68 75 78 74 60 
15 54 53 55 68 83 76 71 68 
16 64 60 63 65 81 84 76 60 
17 55 53 58 70 84 87 74 68 
18 64 62 62 64 86 80 81 60 
19 56 56 58 70 88 88 78 70 
20 66 62 64 69 72 89 8 C 76 
21 70 66 68 66 82 76 78 64 
22 56 50 49 59 67 62 6 0 55 
23 52 46 46 58 70 70 76 58 
24 56 56 58 60 64 62 63 60 
25 61 60 63 66 68 62 60 56 
26 52 52 58 56 56 61 55 53 
27 52 52 57 60 66 68 60 50 
28 48 47 48 58 77 79 74 56 
29 52 50 54 64 72 74 65 62 
30 58 58 58 64 64 65 63 62 
31 60 59 60 63 68 73 70 56 
1 A u g u s t 53 54 57 66 76 70 63 64 
2 63 62 64 67 74 73 65 60 
3 57 54 58 66 75 66 64 5 2 
4 60 60 60 6 7 __ 72 — - -
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two situcitions was much less. Thus when open readings were 220 
ft. candles in the open, radiation under vegetation cover was 
120 ft. candles. 
3. Phenology of bloom. Pedicularis furbishiae was in 
b u d at the beginning of the study period (11 July) and began 
blooming o n 16 July. The peak of bloom was reached on about 29 
July- Last flowers should appear about 15 August The plant 
is, therefore, in bloom for just over a month. 
Plants visited by pollinators similar to or identical w i t h 
those of Pedicularis furbishiae in full bloom w h e n the latter 
b e g a n blooming included Campanula rotundifolia L., Lonicera 
p e r i c l y m e n u m L. , Rosa a c i c u l a n s Lindl , Silene cucubalus 
Wibel., T h a l i c t r u m dasycarpum Fisch. 5 Ave-Lall., and Vicia 
cracca L~ Epilobium angustifolium L. , Trifolium pratense L. , and 
T r i f o l i u m h y b r i d u m L. reached full bloom about 25 July- These 
plant species formed the major forage source for bumblebees, 
w h i c h are the sole pollinators of Pedicularis. All plant species 
a r e native except for the adventive Trifolium pratense and 
T r i f o l i u m hybridum. Spiraea latifolia (Ait.) Borkh. is also 
a major forage source for bumblebees m the area but reaches full 
b l o o m about 1*August. 
Pedicularis furbishiae began to exhibit enlarging fruits on 
a b o u t 1 August. These should be dispersing seeds toward the 
e n d of A u g u s t or the beginning of September 
C. Plant Associations of Pedicularis furbishiae. 
1. Community interrelationships. The habitat of 
Pedicularis furbishiae is restricted to terraced river banks 
between h i g h water erosion level and the edge of the forest 
Forest components include Picea glauca (Moench) Voss, Picea 
r u b r a (Mill.) BSP, Betula papfrifera Marsh, Populus tremuloides 
Michx. , a n d Pinus strobus L. 
R e g u l a r and frequent associates of Pedicularis furbishiae 
o n river terraces include Spiraea latifolia, Alnus crispa (Alt.) 
Pursh, A l n u s r u g o s a (DuRoi) Spreng., Cornus stolonifera Michx., 
Salix coactilis Fern., and Salix glaucophylloides Fern, among 
the shrubs. In this shrub community only the infrequent Castilleja 
s e p t e n t r i o n a l i s Lindl. occupies an ecological niche close to that 
of Pedicularis furbishiae. All other herbs mentioned in II,B, 3 
grow close to the Pedicularis habitat but are not directly 
a s s o c i a t e d w i t h it They are close enough, h o w e v e r , to interact 
w i t h the pollinators of Pedicularis. 
2 Putative parasitic interrelationships. Since several 
species of Pedicularis are known to parasitize the roots of o t h e r 
plants d e s p i t e the fact that all Pedicularis species are autotrophs 
(photosynthetic, green plants), eleven plants of Pedicularis furbishiae 
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including six mature plants with flowering stems and five 
immature plants were carefully excavated along with associate 
vegetation. The entire root fabric was carefully washed to remove 
soil and other foreign matter. All excavated plants were carefully 
r e p l a n t e d after examination. Conspicuous by reason of their light 
color, the Pedicularis roots were easily traced to their extremities. 
In no case were parasitic root attachments found between Pedicularis 
furbishiae and any other plant. The entire root system of 
Pedicularis was confined to the Ai horizon. It penetrated only 
a b o u t two inches into the soil and spread out to about 10 inches 
from the crown. There were no thick, woody roots. All roots 
appeared to be thin and young suggesting that the plant produces 
many new roots each season. The immature plants studied were 
probably one to two years old. If any root parasitism occurs in 
Pedicularis furbishiae it must be transitory a n d confined to very 
y o u n g seedlings. This aspect has yet to be studied and could not 
be d e t e r m i n e d in the field for lack of sufficient very young 
seedlings. 
3 Other biotic interactions. In addition to pollination 
interactions, discussed below, Pedicularis furbishiae encounters 
insect damage from spittle bugs, which suck plant juices most 
frequently from the inflorescences, where they make their 
spittle shelters. Although these insects are not confined to 
Pedicularis in this activity, they seem to prefer this plant to the 
extent that an estimated 90% of the immature inflorescences are 
damaged by their activity. By the time the flowers are in bloom, 
the insects have completed their destructive work so that many 
inflorescences do not produce a full complement of flowers. 
Caterpillar damage was also evident to inflorescences as well as 
leaves, but this was not extensive. 
D. Modes of Reproduction in Pedicularis furbishiae. 
1. Asexual reproduction. During the course of this 
study plants of Pedicularis furbishiae were carefully examined for 
means of asexual reproduction. Propagules also serving dispersion, 
such as bulbils and gemmae, were not found. Branching of the 
stem by means of rhizomes and/or stolons was not encountered. 
C r o w n branching of the stem was confined to the production of 
vertical aerial flowering branches. No clonal colonization was 
found. Individual mature plants did not have offspring associated 
w i t h them in any way through asexual propagation. It was 
a p p a r e n t from the distances between individual plants, ranging 
from about 6 inches to several feet, that the species was 
r e p r o d u c i n g and dispersing solely by seed. 
2 Sexual reproduction in Pedicularis furbishiae. 
Sexual r e p r o d u c t i o n is accomplished in flowering plants by 
transport of pollen from anthers to stigmas and consequent union 
of gametes w i t h i n the ovule, or potential seed, within the o v a r y , 
w h i c h is the potential fruit. 
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a. Insect exclosure and artificial pollination study. 
To determine the vectors of Pedicularis furbishiae pollen, twelve 
insect exclosures of 18 x 14 mesh galvanized window screen were 
placed over mature, vigorous plants to exclude possible insect 
pollinators. Under four of these exclosures all flowers were 
artifically self-pollinated with their own pollen. Under four 
other cages all flowers were pollinated artificially with pollen 
from other plants. Flowers under the last four cages were left 
undisturbed. Since at this writing caged plants are not yet in 
fruit, it c a n n o t be determined if the plants were self-pollinating 
arid/or r e p r o d u c t i v e l y compatible with their own pollen. This 
ddta will be gathered when fruits are mature. Since early-blooming 
plants not covered by exclosures had begun to fruit, however, 
flowers and fruits o n four of their inflorescences were tabulated 
irt Table 5. 
b. Insect pollen vectors of Pedicularis furbishiae. 
A total of 7 2 man hours was spent collecting pollinating insects 
o n Pedicularis furbishiae together with foragers on other plants; 
4.5 additional man hours were spent on plants exclusive of 
Pedicularis• It was determined through these collections that a 
single species of bumblebee (Bombus vagans Smith) is the 
sole pollinator of Pedicularis furbishiae. Bombus terricola Kirby 
is the only other insect on the flowers, and it removes nectar from 
them by perforating the corolla tube a t its base without pollinating. 
Data in T a b l e 6 clearly indicate that Bombus vagans forages on 
other plant species as does B. terricola. Two other bumblebee 
species occur in the area. Of these B. ternarius Say is uncommon, 
and B. fervidus (Fabr.) is found predominantly on Trifolium pratense. 
If data from insect exclosure studies indicate that plants from 
w h i c h insects are excluded do not set seed, then it is apparent 
that Pedicularis furbishiae is pollinated exclusively by one of 
the two commonest bumblebee species in the area. Bombus vagans 
is a w i d e - r a n g i n g species in eastern North America. Insect behavior 
o n the flowers was observed visually a n d recorded on 16mm color 
m o t i o n picture film. 
That Pedicularis furbishiae is pollinated exclusively by the 
w o r k e r caste of Bombus vagans is significant. When Pedicularis 
begins to b l o o m in mid-July queens of Bombus vagans are increasingly 
u n c p m m o n since they confine their activity to brooding young in 
the nest. Workers become increasingly common until the end of the 
season, w h e n new queens and males appear. In this study it was 
found that Bombus vagans males made their appearance in early 
A u g u s t , w h i c h is precisely the time w h e n Pedicularis furbishiae 
is c o m p l e t i n g its bloom. 
Bombus vagans workers pollinate Pedicularis furbishiae flowers 
w h i l e foraging for nectar and probably pollen (to be identified 
f r o m c o r b i c u l a r loads of foragers later in the laboratory) The 
insect enters the tip of the corolla and forces its way to its 
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T a b l e 5. Fruit production on open-pollinated 
Pedicularis furbishiae. 
Inflorescence no. Total flowers Total fruits 
1 10 6 
2 10 3 
3 6 4 
4 10 _6 
Totals 36 19 
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base where nectar i s secured. In the process, pol len produced by 
fbur anthers concealed beneath the upper l i p of the f lower is 
dusted on the dorsal side of the insect . At the same time pol len 
carr i ed f rom another f lower i s dusted on the stigma, which 
protrudes very s l i g h t l y from the t i p of the upper co ro l l a l i p . 
The insect may groom pol len from i t s back into i t s corbiculae 
(po l l en baskets located on the hind l e g s ) , but some pol len w i l l 
remain to be deposited on the stigma of the f l ower . 
c. Po l l i na t i on assoc iat ions with other plants. 
Observations of indiv idual fo rag ing bumblebees in mixed plant 
populations including Pedicular is furb ish iae indicated that workers 
tended to conf ine the i r a t tent ion to one plant species i f i t i s in 
r e l a t i v e l y great abundance. Thus po l l ina to rs of the common 
Epilobium angust i fo l ium moved from one population to another 
and r a r e l y foraged on any other plant species. Po l l ina to rs of 
Ped icu lar is furb ish iae were probably not so constant since the plant 
i s dec ide ly rare and not in l oca l concentrations anywhere. I t was 
not advisable to observe these po l l ina to rs as they l e f t Ped icular is 
plants on which they were forag ing since th is would reduce, IT ~ ~ 
not e n t i r e l y e l iminate , c o l l e c t i ons of the po l l ina to r of Ped icu lar i s . 
Capturing these po l l i na to r s on the plant and observing them as they 
worked was d i f f i c u l t in i t s e l f . 
From data in Table 6 i t was suspected that d i f f e r ences in 
f requencies of po l l i na to r species on plants might be re la ted to 
f l o r a l cha rac t e r i s t i c s in r e l a t i on to forager behavior. Consequently 
the depth o f the co ro l l a tube of Pedicular is was measured along with the 
depth of the e f f e c t i v e nectar concealment by overlapping peta l 
bases in Tr i f o l ium pratense and Vic ia cracca, the peta ls of which 
do not fuse to form a tube in the s t r i c t sense. This "tube" was 
measured from the base of the co ro l l a to the point where the kee l 
begins rapid expansion. This data i s tabulated in Table 7 I t 
was ev ident that the long-tongued Bombus ferv idus pre fer red the long 
c o r o l l a of T r i f o l ium pratense from which shorter-tongued species 
could not remove nectar. Bombus vagans, with a mid-length tongue, 
pre fe r red Ped i cu la r i s , Epilobium, and V i c i a , but i t could forage 
on T r i f o l ium. The very short tongue of Bombus t e r r i c o l a d i rected i t s 
a t t en t i on e i ther to per fo ra t ing co ro l l a s of V ic ia and Pedicular is 
or to f o rag ing on f l owers that had openly exposed nectar such 
ap Spiraea. Since insect pre ference f o r f lowers might be re la ted 
to t o t a l sugar content of nectar , nectars of the most commonly 
v i s i t e d f l owers and of Ped icular is were analyzed f o r t o t a l sugar 
content by means of a portable Bausch and Lomb re f ractometer in 
the f i e l d . V ic ia nectar was in s u f f i c i e n t quantity f o r ana lys is . 
The data are summarized in Table 8 I t appears that d i f f e r e n t i a l 
f o rag ing on plant species i s more r e la t ed to a c c e s s i b i l i t y of 
nectar rather than sugar concentrat ions. A l l nectars examined had 
r e l a t i v e l y low sugar content 
The i n i t a l a t t rac t i v eness of Ped icu lar is furb ish iae f o r 
p o l l i n a t o r s must l i e in i t s co l o r . To i d e n t i f y f l ower co lor in 
the plant the fundamental ye l low of the c o r o l l a was examined by 
r e f l e c t a n c e spectrophotometry using a Bausch and Lomb Spectronic 20 
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Table 6. Bumblebee (Bombus) foragers and pollinators 
of plants. 
Plant species Bombus species and caste Totals 
fervidus ternarius terricola vagans 
Q W Q M Q W Q W M 
Epilobium angustifolium 1 1 2 1 0 47 4 28 24 108 
Lonicera periclymenum 0 0 0 0 0 1 0 0 0 1 
Pedicularis furbishiae 0 0 0 0 0 21* 0 16 0 37 
Roas acicularis 1 0 0 0 1 12 3 1 0 18 
Silene cucubalus 0 0 0 1 1 2 1 2 0 7 
Spiraea latifolia 0 0 0 0 0 10 0 0 0 10 
Thalictrum dasycarpum 0 0 0 1 1 24 1 0 0 27 
Trifolium pratense 1 25 1 0 0 10* 8 5 0 40 
Trifolium hybridum 0 0 0 0 0 5 2 2 0 9 
Vicia cracca 3 8 1 1 4 44* 8 10 3 82 
Totals 6 34 4 4 7 176 27 62 27 339 
*perforating corolla tube and removing nectar without pollinating 
Q = queen W = worker M = male 
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Table 7. Depth of corolla tube or effective nectar 
concealment. 
Plant species Total corollas Average length (mm) Range (mm) 
Pedicularis furbishiae 25 6.1 5 - 7 
Trifolium pratense 25 8.9 8 - 1 0 
Vicia cracca 25 4 5 4 - 5 
- 1 5 -
T a b l e 8. Nectar analysis for Pedicularis furbishiae and 
associate species. 
Plant species Total samples Total sugar Range (%) 
(average) 
E p i l o b i u m a n g u s t i f o l i u m 5 6.2 6 . 0 - 6 . 5 
Pedicularis furbishiae 5 13.4 1 1 . 0 - 1 5 . 5 
T r i f o l i u m pratense 5 11.6 10.5 - 13.5 
- 1 6 -
spectrophotometer equipped with a reflectance attachment. Ten 
spectral w a v e l e n g t h s were used to determine relative reflectance, 
w h i c h is summarized in Table 9 
When these values are computed for a trichromatic coefficient 
value for illuminant C and plotted on a Maxwell Color Diagram 
(Fig.. 1), the composite base color of the flower is yellow-green 
w i t h a w a v e l e n g t h of 570nm. This color is particularly attractive 
to b u m b l e b e e s , w h i c h have one peak of color sensitivity in their 
trichromic v i s i o n near this wavelength. The lateral lobes of the 
lower corolla lip and sometimes the upper lip are suffused with 
red. This color is invisible to bumblebees, but is is highly 
a t t r a c t i v e to hummingbirds. Since the ruby-throated hummingbird 
(Archilochus colubris) is common in the region, it is possible 
that o n o c c a s i o n it may collect nectar from the flowers and pollinate 
them. This was not seen in this study, but these birds do pollinate 
Pedicularis canadensis, w h i c h has an almost identical spectral 
reflectance pattern. 
d. Seed production under natural circumstances. 
To determine the reproductive success of Pedicularis furbishiae it 
is necessary to identify the degree to which the plant produces 
fruit c o n t a i n i n g seed. To this end all the mature plants of 
populations #3 and #4 were located and the number of inflorescences 
of the c u r r e n t year and the past year were counted. On a 
total of 203 plants with inflorescences there were 259 new inflorescences 
and 115 o l d ones. The latter figure is probably substantially less 
than that actually produced since o l d ones could have disintegrated 
or have b e e n otherwise removed from sight. On the old inflorescences 
there was a total of 2305 flowers and a total of 913 fruits. This 
indicates a b o u t 40% fruit set from last year's flowers. Inflor-
escences produced as many as 46 flowers each to a m i n i m u m of 4. 
Seed p r o d u c t i o n , therefore, is adequate in itself to assure a high 
r e p r o d u c t i v e potential. 
e. Seedling distribution in relation to mature plants. 
The actual r e p r o d u c t i v e success of Pedicularis furbishiae may be 
d e t e r m i n e d by the frequency and distribution of plants in a 
r e p r e s e n t a t i v e area. To a c c o m p l i s h this eleven 1-meter quadrats 
were laid out contiguously along a base line running parallel to 
the river bank where the plant was in reasonable abundance. The 
base line was located midway between the river-cut edge of the bank 
and the forest m a r g i n above. Plants w i t h i n the q u a d r a t s were identi-
fied as m a t u r e if they were flowering or had flowered in the past. 
Seedlings included plants w i t h m a t u r e bdsal leaf r o s e t t e s down to 
very small plants w i t h leaves no more than one inch long. The d a t a 
is summarized in Table 10. 
A c o n s e r v a t i v e estimate of 50 seeds produced for each fruit 
w o u l d suggest that Pedicularis furbishiae is p r o d u c i n g seeds at a 
m u c h h i g h e r rate than that at which they are g e r m i n a t i n g and growing 
to maturity- C o n s e q u e n t l y , even though the plant d e p e n d s upon one 
-17-
T a b l e 9. Spectral reflectance (%) from corolla of 
Pedicularis furbishiae. 
Wavelength (nm) 
415 445 475 505 535 565 595 625 655 685 
19 25 25 32 49 55 44 38 42 34 
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T a b l e 10. Distribution of Pedicularis furbishiae plants. 
Quadrat no. Total mature plants Total seedlings 
1 8 5 
2 4 6 
3 3 4 
4 7 0 
5 0 1 
6 3 3 
7 1 3 
8 4 3 
9 1 4 
10 1 5 
11 _2 _5 
Totals 34 39 
species of pollinator and is not abundantly visited by insects, 
it has the sexual reproductive potential to increase its populations. 
This potential must be limited by circumstances outside the reproductive 
process itself From this standpoint artificial pollination of 
plants in natural populations and in natural habitats would not 
contribute to the reproductive success of the species. The 
most likely cause of failure of seeds to develop into mature plants 
seems to be c o m p e t i t i o n of seedlings of Pedicularis with the 
mature v e g e t a t i o n among which they occur. When putative root 
p a r a s i t i s m was being studied, it was noted that the A]_ horizon 
in w h i c h roots grow was so tightly interlaced w i t h roots of plants 
that there w o u l d scarcely be room for another plant unless older 
plants died off Consequently, the reproductive potential of 
Pedicularis furbishiae is not fully realized. 
There is also the possibility that seed fertility may be low 
in this species. This must be tested by further studies w i t h 
seed c o l l e c t e d and examined microscopically as well as culturally 
III. Feasibility of Relocating Populations of Pedicularis furbishiae. 
The feasibility of relocating populations of Pedicularis 
furbishiae outside the proposed impoundment area of the Dickey-
Lincoln School Lakes Project is primarily determined by the 
location of habitats sufficiently similar to those in which the 
plants are presently growing. Based upon information gathered in 
the p r e s e n t study, the following recommendations are made with the 
r e s e r v a t i o n that other factors may be involved that were not 
i n v e s t i g a t e d because they were not suspected to be relevant to the 
ecological niche to w h i c h Pedicularis furbishiae is adapted. 
A. Soil. 
The wide variety of soils in which the plant is found is 
most likely a consequence of its habitat being a river terrace 
that is simultaneusly eroded by the St. John River from below and 
invaded by slumping and breaking off of the edge of the forest floor 
above. The A-, h o r i z o n , therefore, may vary greatly in gravel 
content from 0-60%, in soil composition from 4-47% silt and 1-25% 
clay The high sand content (43-93%), however, identifies this 
h o r i z o n as a friable loam with good drainage. It reflects its 
a s s o c i a t i o n w i t h the Stetson Series to which it belongs in the a r e a 
of p o p u l a t i o n s #3 and 4. Moisture content varies (5.0-38 4%) 
w i d e l y but seems to increase where a combined silt a n d clay content 
is high. In all cases root run of Pedicularis furbishiae was 
confined to the Ai layer to a depth of about 2 inches. The 
c o m p o s i t i o n of the A2 layer beneath this seemed to be of little 
c o n s e q u e n c e to the growth of the plant. 
Chemically the soil was on the acid side r a n g i n g from pH 5.2 
to 7.0 in the Ai h o r i z o n , w h i c h suggests that pH is not critical 
provided that the soil is moderately acid. Nutritionally the 
soil was poor in nitrogen in any form as well as in sulfates, 
c h l o r i d e s , p o t a s s i u m , m a g n e s i u m , and manganese. A l u m i n u m and 
humus (organic matter) content varied widely from one sample t o 
another. The soil was reasonably high in phosphorus and iron 
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and ^ very high in calcium. Probably the best way in which to locate 
s imi la r s o i l s f o r transplants would be to i d e n t i f y l o c a l l y area where 
the Stetson Series (Sg) forms r i v e r terraces . This ser ies 
o r i g ina ted as g l a c i a l outwash p la ins , kames and eskers and presents 
a sandy or g rave l l y loam surface layer in which Pedicular is furb ishiae 
roots grow. The next best s o i l would be that of the Allagash 
Ser ies (Ag ) . 
B. Climate. 
A i r temperatures in Pedicular is furbishiae habitats are 
probably tempered by pa r t i a l shading as wel l as by breezes along 
the r i v e r . The plants are confined to sloping terraces which rece i ve 
d i r e c t so lar rad ia t ion f o r only a part of the day and are shaded 
by the bank and the f o r e s t above f o r the remainder of the day- A 
su i tab le transplant habitat should include th is pa r t i a l shading 
f o r mature plants. Seedl ings, however, may do be t te r in more 
sunlight s ince solar rad iat ion at ground l e v e l where the plants 
grow i s reduced to about 10% of f u l l rad iat ion. On the other hand, 
shading of seedl ing growth may be bene f i c i a l i f competition with 
other plants f o r s o i l nutrients and root run i s reduced. This 
would have to be examined experimentally to determine cause-
e f f e c t r e l a t i onsh ips . 
C. Plant Assoc iat ion. 
Ped icular is furb ish iae occupies a habitat that i s eas i l y 
i d e n t i f i e d by larger plants associated with i t . The f o r es t above 
i t includes spruces, b i rches, poplars, and some white pine. The 
ter race upon which i t grows includes a lders , wi l lows, red o s i e r , 
and meadowsweet. Suitable transplant habitats are most eas i l y 
located by these indicator plants. There is no evidence, however, 
that there i s any root parasit ism involved. As f a r as th is 
study has determined, Pedicular is furb ish iae , unlike some other 
Ped icu lar is species , i s not a root paras i te . On the contrary, i t 
i s preyed upon by herbivorous insects that l im i t i t s reproductive 
success. Thus the plant can be transplanted without a host. 
D. Modes of Reproduction of Pedicular is furb ish iae . 
Ped icu lar is furb ish iae reproduces exc lus ive ly by seed. I t i s 
po l l ina ted by one species of bumblebee (Bombus vagans), which i s 
widespread and common. There fore , transplanting to other habitats 
within the range of i t s po l l i na to r would not of i t s e l f l im i t seed 
production. Since the species produces abundant seed, i t does not 
s u f f e r from competit ion f o r po l l ina to rs that occur on other plant 
species a t t r ac t ing the same insects . The major problem in 
es tab l i sh ing o f f sp r i ng seems to l i e in f ind ing sui table habitats 
in which seeds can germinate and grow. Further inves t i ga t i on i s 
needed to determine i f f e r t i l e , v iab l e seed i s actua l ly abundant in| 
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the many f r u i t s produced by the plants. The assumption i s 
t e n t a t i v e l y made here that abundant f r u i t s indicate abundant, 
v i ab l e seed. I f su i tab le habitats can be found outside the im-
poundment area, i t would be advisable to attempt sowing and cu l t i va t ing 
seed from plants within the proposed impoundment area. Furthermore 
i t , wo.uld be advisable to transplant some mature and immature 
plants ( s e ed l ings ) to areas outside the impoundment area f o r 
inve.«stigative purposes to f ind i f transplanting has any adverse 
e f f e c t . There seems to be no reason why transplanting to s imi lar 
habi tats would threaten the surv iva l of the species. 
Ped icular is furb ish iae does not reproduce asexual ly , as f a r 
as th is study has determined. There fore , although complex techniques 
e x i s t f o r the asexual propagation of plants that do not reproduce 
in th i s manner, i t would be more f e a s i b l e to propagate the plant 
by means of seed. 
IV Summary and General Conclusion. 
This study was designed to determine the phys io log ica l 
requirements and reproductive charac te r i s t i cs of Furbish's lousewort 
(Ped i cu la r i s furb ish iae S. Wats.) and to assess the p o s s i b i l i t i e s 
o f success fu l ly transplanting the species. The plant was found to 
occupy a narrowly de f ined r i v e r terrace habitat with varying s o i l 
structure and chemistry. C l imato log ica l l y the habitat was not 
pecul iar except f o r i t s assoc iat ion with f o r es t vegetat ion and 
s lope a f f o rd ing p a r t i a l diurnal shading. The plant was found to 
reproduce only sexual ly through seed production and to have no root 
pa ras i t i c assoc iat ions with other plants with which i t i s con-
s i s t e n t l y associated. 
I t i s recommended, on the basis of th is study, that the plant 
could be success fu l l y transplanted as mature indiv iduals or seed-
l ings or both and that seed could be co l l e c t ed in abundance f o r 
sowing and d ispersa l in sui table habitats not now occupied by th i s 
spec ies . 
Ped icu lar is furb ish iae is of considerable s c i e n t i f i c 
s i gn i f i c ance as i t i s the most endemic of over 500 species of 
Ped icu lar is known. The genus has presumably had i t s o r i g in in the 
Himalaya Mountains and has spread throughout Eurasia and entered 
North America through the Bering S t ra i t producing new species in 
i t s migrat ions. Ped icu lar is fu rb i sh i e - i s enigmatic in i t s d i s t r i -
bution and genet ic a f f i l i a t i o n s wi th other species and presents 
an important source of information on plant migration and spec ia t ion . 
I t s s c i e n t i f i c value i s incomparably greater than any fo rseeab le 
commercial value. Transplanting populci Lions from the impoundment area 
of the Dickey-Lincoln School Lakes Pro j ec t would probably be 
necessary to preserve the species from ex t inc t i on i f the p ro j e c t 
i s implemented. 
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Supplement to section II,D,2,a Insect exclosure and artificial pollination 
study. 
Table 11. Fruiting under exclosures of selfed, crossed, and undisturbed 
flowers. 
Cage No. Treatment Inflorescence No. Flowers Fruits Totals 
Fl. Frt. 
1 selfed 1 6 0 
2 selfed 1 10 0 
3 selfed 1 7 0 
2 3 0 
4 selfed 1 3 0 
2 3 0 32 0 
5 crossed 1 10 6 
6 crossed 1 10 0 
7 crossed 1 6 1 
2 5 1 
8 crossed 1 7 0 38 8 
9 undisturbed 1 13 2 
2 30 0 
3 30 0 
10 undisturbed 1 15 0 
2 32 0 
3 18 0 
4 14 0 
11 undisturbed 1 8 1 
2 20 0 
3 12 0 
4 34 0 
12 undisturbed 1 38 1 264 4 
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Interpretation of data in Table 11. 
(1) Since no selfed flowers produced fruit, we may conclude that 
Pedicularis furbishiae is probably self-incompatible with 
it own pollen for individual flowers, 
(2) Since 8 of 38 crossed flowers produced fruit, the species must be 
cross compatible. This is corroborated by data in Table 5 in which 
19 of 36 open-pollinated flowers produced fruit. 
O ) Since only 4 of 264 undisturbed flowers produced fruit, we may 
conclude that Pedicularis furbishiae is most likely not self-
pollinating and requires insect pollen vectors. These are 
now known to be workers of Bombus vagans. 
(4) The relatively small numbers of experimentally manipulated 
flowers compared to the large number of undisturbed flowers 
is an artifact. In any manipulated inflorescence only those 
flowers considered to be mature and ready for pollination were 
retained. All others were removed. In the case of undisturbed 
flowers all were retained. 
(5) The small number of fruits on undisturbed flowers is probably the 
result of some small insects such as thrips carrying pollen 
indiscriminately on flowers. 
(6) The relatively small number of fruits on crossed flowers under 
exclosures as compared with that of open-pollinated flowers 
(Table 5) is probably the result of some of the flowers under 
the exclosures not being pollen-receptive at the time of pol-
lination. It is difficult to determine receptivity of the stigma in 
this genus, and pollination was accomplished at one time and not 
sequentially and repeatedly as in the case of insect pollination. 
In any case, the plants have been demonstrated to be cross-
compatible and reasonably fertile. 
(7) From this study we can conclude that Pedicularis furbishiae is 
obligately dependent upon bumblebee pollen vectors for its 
sexual reproduction. It is self-incompatible, not self-pol-
pollinating, and is moderately fertile under natural circum-
stances . 
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